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(54) ACCOUNTING APPARATUS, ACCOUNTING SYSTEM, AND ACCOUNTING CARD 



(57) Charge processing Is performed using a sys- 
tem whose overall structure has been simplified, and in 
which the burden on the user of a vehicle decreased. 

A device mounted In a vehicle 30 detects the posi- 
tion of a vehicle 32 mounting the device mounted in a 
vehicle using GPS signals from GPS satellites 20, 22, 
and 24, and transmits this via ground wave communica- 
tion to a general center 40. The general center 40 per- 
forms charge processing (calculation) for an area In 
which a charge is applied based on the position of the 
vehicle 32 received by ground wave communication, 
and transmits the result thereof to the device mounted 
in a vehicle 30. The device mounted in a vehicle 30 col- 
lects a toll from a prepaid card or IC card or the like on 
the basis of the received charge processing result. 



F I G. 1 




24 



□ 


□ 


□ 


--40 


□ 


□ 


□ 




□ 


□ 


□ 





32 



30 



Printed Xerm (UIQ Business Services 
2.18.7 <HnS)/3.6 



EP1 050 853 A1 



Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a charge processing device, a charge processing systenn, and a charge 
processing card. In particular, the present invention relates to a charge processing device, a charge processing systenn, 
and a charge processing card for carrying out the receipt and transfer of information such as the receipt and payment 
10 of fare or the like by wireless communication between a moving body such as a vehicle and the ground, and for per- 
fbrmlng processing relating to the charge processing the user of the moving body. 

Description of the Related Art 

IS [0002] A moving body such as a vehicle travels along a road or the like. A veh k:le that travels on a toll paying Instal- 
lation such as a toll road is charged In accordance with the type of the vehicle as well as the distance traveled on the 
toll road. In order to automatically collect the toll at an entry gate or exit gate of the toll road, a road • vehk:le intercom- 
munication system for performing wireless information transfer between an in-vehicle device and an on-road device Is 
used. In this system, a communication device having an antenna for sending and receiving electrical waves (i.e. the on- 

20 road device) is provided on the road as an inten-ogator for seeking infomnatlon on the relevant vehicle. In addition, a 
communication device having an antenna (i.e. the in-vehicle device) is provided in the vehicle as a responder for 
responding to the sought infomnatlon. 

[0003] Technology is proposed in, for example, Japanese Patent Application Laid-Open (JP-A) No. 9-212794, in 
which a toil is collected from a vehicle based on the location where the vehicle entered the toll road, the location where 

25 the vehicle exited from the toll road, and the history of the route traveled by the vehicle. 

[0004] However, when this type of road - vehicle intercommunication system Is used to transfer infomnation, It Is 
necessary to install an on-road device at the entries and exits of the area for which a toll Is to be charged, such as the 
entry gates and exit gates of a toll road. If the area for which a toll is to be charged, such as a toll road, is one-dimen- 
sional, the installation of the on-road devices is easy, however, if the area in which a charge is applied is set as a zone 

30 or the like covering a wide range, it is necessary to install on-road devices at all of the entries and exits, so conse- 
quently, the cost increases in accordance with the number of entry and exit locations. 

[0005] A road - vehicle intercommunication system also exists in which charge processing is performed by the wire- 
less transfer of information between an in-vehicle device and an on-road device. In this system, balance information Is 
stored In advance In a prepaid card or IC card or the like, and the charge processing is performed by subtracting the toll 

35 to be collected from this balance information. 

[0006] When the toll collection Is performed automattoally in this way, if the vehtole user does not possess a prepaid 
card or IC card or the like, or if the balance of the card is Insufficient, it is not possible for the toll collection to be properly 
perfonned. Therefore, technology is proposed in whteh an external notification lamp is provided inside the vehicle, and 
when It is not possible for the proper toll to be collected from a vehicle this fact is notified to the exterior of the vehicle 

40 by the external notification lamp (see JP-A No. 8-71 31 ). In this technology, when the proper toll cannot be collected from 
a vehicle that is fitted with the above rpad - vehicle intercommunication system and the vehicle passes over an entry 
gate or exit gate, the exterior facing lamp of the in-vehicle device is either turned on or turned off, thereby enabling an 
observer to easily observe that the proper toll has not been collected. 

[0007] However, in this road-vehicle intercommunication system, although information is transferred by installing 
. 45 on-road devices at entries and exits of the area in which a charge is applleduch as at the entry gates and exit gates of 
a toll road, when the area in which a charge is applied is set as a zone or the like covering a wide range where the entry 
and exit points cannot be specified, it is necessary to install on-road devices at all of the foreseeable entry and exit loca- 
tions, and to establish a large number of observers. 

[0008] A further example of a road - vehicle Intercommuncation system for perfbnning charge processing by the 
so wireless transfer of information between an In-vehicle devkse and an on-road device Is proposed in JP-A No. 8-221 61 7. 
In this technology, a toll is collected from a vehtele that passes over the communication area of an on-road antenna 
installed on the road. 

[0009] However, in this road - vehicle intercommunication system, although information is transferred by installing 
on-road devices at entries and exits of the area in which a charge is applleduch as at the entry gates and exit gates of 
55 a toll road, when the area in which a charge is applied is set as a zone or the like covering a wide range where the entry 
and exit points cannot be specified, it is necessary to install on-road devices at all of the foreseeable entry and exit loca- 
tions. 

[0010] Moreover, a charge processing system is proposed in JP-A No. 9-153156 in order for the charge processing 
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to be more easily performed. In this system, balance information is stored in advance in an IC card or the like and the 
charge is processed by subtracting the toll to be collected from this balance information. 

[001 1] However, in this system, although information Is transferred by installing on-road devices at entries and exits 
of the area in which a charge is applieduch as at the entry gates and exit gates of a toll road, when the area in which a 
5 charge is applied is set as a zone or the like covering a wide range where the entry and exit points cannot be specified, 
It is necessary to install on-road devices at all of the foreseeable entry and exit locations. Moreover, this system cannot 
be applied when the area in which a charge is applied varies: 

[0012] A further system is proposed In which vehicle transit determining devtees are installed on a plurality of 
routes, and the charge is made t>y determining which route of the plurality of routes the vehicle traveled over. An exam- 
10 pie of this system is given in JP-A No. 9-212794. The system installation of this system is simple on toll roads network 
on which there are a few branch routes or entries and exits (interchanges) and having comparatively long distances 
between interchanges as only a few vehicle transit determining devices need to be installed. 

[0013] However, if the toll road network is one having many branch routes and entries and exits (interchanges), and 
is one in which, although there are many sections with short distances between interchanges, the total distance of the 

15 road network as a whole is large, in cases such as this, the number of vehicle transit determining devices Installed 
increases and the installation costs and maintenance costs are great Moreover, in the above cases, it is only possible 
to obtain charge information of the toll road network within the area of control of the toll road network or directly in front 
of the entries thereto. Thus, it is difficult in the area a sufficient distance before the interchaPS© for allowing such a 
detour route selection to be made to obtain information for deciding whether to use a toll rosid (i-e. to enter the toll gate) 

20 or whether to make a detour and use a surface non<toll road. 

[001 4] It is also possible to consider charges or traffic regulations In a specific area as a means of easing traffic con- 
gestion, reducing atmospheric pollution, reducing noise, obtaining regldrral revenue, or the like. In this case, if the road 
network of the subject area is complex and intrksate. In the above chaiPge system, It is necessary to install vehicle transit 
determining devices on a large number of the roads within the area. Consequently, the resulting high density installation 

25 is high in cost while the physical Installation may be difficult depending on the location. Furthermore, if a charge is made 
or not made depending on the season (or month or day) or the time of day, or if the amount charged Is changed, this 
information needs to be made known throughout the large number of roads mnning in and out of the area. 
[0015] Conventionally, notification is made using a notice board or art electric sign board, however, in order to make 
the notification as wide as possible so as to enable a driver to avoid the area and choose a detour route, it is necessary 

30 to provide the notice board or the like some distance outside of the relevant area, which becomes a colossal undertak- 
ing. Moreover, the expense required for the work involved when tolls are revised or an area is altered is also great To 
this can be added the burden of accurately informing a driver at the proper time the notification infon nation Qf the notice 
board or the like. 

[0016] When a driver exits a toll road using a balance renewable prepaid card, infbmiatlon Indicating the route 
35 traveled Is transmitted from the vehk^le to an antenna terminal. The antenna terminal then calculates the toll for the 
traveled route and transmits the toll to the vehicle, where the vehtele subtracts the toll from the prepaid card. There is 
accordingly no need to stop the vehicle In order to pay the toll. 

[0017] However, if the toll road is one having many branch routes and entries and exits (irrterchanges), and is one 
In which, altiiough there are many sections with short distances between Interchanges, the total distance of the road 

40 network as a whole is large, In cases such as tills, the number of vehicle transit determining devices installed increases 
and the installation costs and maintenance costs are great Consideration may also be given to exacting charges In a 
specific area as a means of easing traffic congestion, reducing atmospheric pollution, reducing noise, obtaining 
regional revenue, or the like. In contrast to a charge area In which the highway networi< is a narrow continuous distribu- 
tion, the charge area for a specific area such as that described above is an isolated area covering a large surface area. 

45 In this case, there is a high probability that the road network within the area will be complex, and the establishment of 
tollbooths for stopping a vehtele to collect charges Is not feasible. Instead, the employing of an automatic charge 
processing system that uses a communication device and a prepaid card or some other electronic information storage 
medium Is desirable. 

[0018] The possibility of the prepaid card being illegally used needs to be considered, however. In fact, not only 
50 when prepaid cards are used, but when charge processing is performed using a storage medium or by telecommuni- 
cation, the possibility exists that Information on the storage medium will be illegally altered, or that illegal communication 
information will be sent, or that the storage medium will be used illegally or intentionally not used. Thus, it can be seen 
that there Is a need for measures against illegalities in automatic charge processing In a non-stop automatic charge 
processing system In which it is not practically possible for the controller to observe or examine the storage medium or 
55 communication device. 

[0019] The present invention was conceived in view of the above, and it is an object thereof to provide a charge 
processing device, a charge processing system, and a charge processing card which have a simple structure and which 
enable the processing of a charge to the user of a moving body such as a vehicle or the like to be performed with ease. 
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[0020] It is a further object of the present invention to provide a charge processing device, a charge processing sys- 
tem, and a charge processing card which enable confimnation of the charge condition, for example, whether or not a toll 
has been collected, in a area in which a charge is applied to be made with ease. 

[0021] It is a further object of the present invention to allow the following to be performed. Namely, the automatic 
5 notification to a person of control information for a specific area and of that person's positional relationship relative to 
that specific area; the simplification of the transmission of information of the specific area and the altering of that infor- 
mation; the comparative simplification of the installation of system elements and the enhancement of the reliability of 
the control information notification; and the simplification of the charge processing of a vehicle that has entered into the 
area in which a charge is applied and of the charge information control. 
10 [0022] It is a further object of the present invention to allow the following to be perfomied. Namely, doing away with 
the need for the large scale installation of a fixed facility without causing any problems in the toll payment; the simplifi- 
cation of the transmission of information of the specific area and the altering of that information; and the simplification 
of the charge processing of a vehicle that has entered into the area in which a charge is applied and of the charge infor- 
mation control. 

15 [0023] It is a further object of the present invention to allow the following to be performed. Namely, the simplification 
of the automatic observation of an intentional attempt to render inoperable a device carried by a user or mounted on a 
vehicle in order to allow illegal use or to enable a charge to be avoided; the simplification of the data collection for that 
purpose; the doing away with the need for the large scale installation of a fixed fadlrty without causing any problems in 
the toll payment; the simplification of the transmission of information of the specific area and the altering of that infor- 

20 mation; and the simplification of the charge processing of a vehicle that has entered into the area in which a charge Is 
applied and of the charge information control. 

SUiy^MARY OF THE INVENTION 

25 [0024] The charge processing device, the charge processing method, and the charge processing card having the 
structures described below were invented In order to achieve the above objects. 

[0025] The charge processing device according to claim 1 of the present invention comprises: detecting means for 
detecting position information indicating a position where a moving body is located; matching means for matching the 
position information with predetermined map information; deciding means for deciding, based on a result of a matching 
30 by ttie matching means, an entry state indicating whether or not the moving body has at least entered into an area in 
which a charge is applied that corresponds to a predetermined area set in advance in the map information; and gener- 
ating means for generating, based on a result of a deciding by the deciding means, charge infomnation for the moving 
body. 

[0026] In the charge processing device according to claim 1 of the present invention, a detecting means detects 
35 position infomnation representing the current position of a moving body. A navigation system for mounting in a vehicle 
serving as the moving body which enables the display of a map for aiding traveling and providing instructions on a route 
to a destination can be used as this detecting means. As is commonly Icnown, this navigation system can use a GPS 
system to easily detect the position of the moving body in which it Is mounted (i.e. the host moving body), for example, 
a position determined by latitude and longitude. It is also possible to provide in the moving body a sending means such 
40 as a sender unit or the like for sending a signal that contains identifying data for identifying the host moving body, and 
receiving on the ground side the sent signal so that the position information is detected on the ground side. 
[0027] The matching means matches the position information detected by the detecting means with preset map 
information. Namely, because the position where the moving body is located can be pinpointed from the position infor- 
mation, at this position, for example, a position set as a latitude and longitude, the moving body Is able to be matched 
45 with predetermined map information such as a map of a predetermined area from among maps of Japan or maps of 
the Tokyo area. 

[0028] The deciding means decides, on the basis of the result of the matching by the matching means, an entry 
state representing at least whether or not the moving body has entered into an area in whk:h a charge is applied that 
corresponds to a predetermined area set in advance In the map information. The cun^ent position of the moving body is 

so matched with map information by the matching means. A predetennined area corresponding to a area In which a 
charge is applied that is set in advance Is set on the map information. As a result, by determining whether or not the 
current position of the moving body matched to the map information is within the area in which a charge is applied, it is 
possible to determine whether or not the moving body has at least entered into the area in which a charge is applied. 
Consequently, the deciding means decides the representation of whether or not the moving body has at least entered 

55 into the area in which a charge is applied as an entry state. 

[0029] The generating means generates charge information for a moving body based on the result of the deciding 
by ttie deciding means. For example, the toll that should be cotlected from a moving body within the area in whk;h a 
charge is applied is determined in advance. Accordingly, because a predetermined toll should be charged when a mov- 
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ing body enters into the area in which a charge is applied, the toll that should be charged on the nnoving body that has 
entered into the area in which a charge is applied is generated as charge information. 

[0030] In this way, in the charge processing device of the present invention, because the position of a moving body 
detected by a detecting means is matched with map information, and the state of entry representing whether or not the 
5 moving body has entered into an area In which a charge is applied Is decided, and charge Information for the moving 
body is generated In accordance with the state of entry, it is possible to perform charge processing fbrthe user of a mov- 
ing body using a simple structure simply by generating charge information for a moving body in accordance with the 
entry state thereof, without having to install on-road devices In ail the entry and exit locations such as entry and exit 
gates. 

10 [0031] Claim 2 of the present invention is the charge processing device according to cfaim 1 of the present inven- 
tion, the charge processing device further comprising location information detecting means for detecting, based on the 
position information, location infomiation indicating date and time the moving body is located in the area in which a 
charge is applied, wherein the deciding means decides, based on the result of the matching by the matching means 
and a result of a detection by the location information detecting means, the entry state including a location state of the 

75 moving body within the area In which a charge is applied. 

[0032] A constant charge is not applied in the area In which a charge is applied. Instead, the charge application 
depends on a predetermined time or time zone, the date or week, or a combination of these. Therefore, in claim 2, the 
charge processing device further comprises presence infonnation detecting means for detecting, based on the position 
information, presence information representing the date and time the moving body is present in the area in which a 

20 charge Is applied. It is possible to detect presence information representing the date and time the moving body is 
present within the area in which a charge is applied using the presence infonnation detecting means. The deciding 
means decides, based on a result of a matching by the matching means and a result of a detection by the presence 
information detecting means, an entry state including a present state of the moving body within the area in which a 
charge is applied. As a result, it is possible to generate charge information for a moving body that only enters into the 

25 area in which a charge is applied when the charge is for the predetemiined time or time period, the date or week, or 
combination of these. 

[0033] In some cases, the driver is unaware that the area in which the moving body is currentiy traveling is a area 
in which a charge is applied or that the moving body is approaching and about to enter a area in which a charge is 
applied. Therefore, in the charge processing device, it is possible to further provide a notification means for giving 

30 advance information, when the moving body is approaching or has entered a area in which a charge is applied, 
expressing that the moving body is approaching a area in which a charge is applied or has entered a area In which a 
charge is applied based on the above position information. By further providing in this way a notification means for giv- 
ing advance information, when the moving body is approaching or has entered a area in which a charge is applied, 
expressing that the moving body is approaching a area in which a charge is applied or has entered a area in which a 

35 charge is applied based on the above position information, it is possible to notify the driver when the moving body has 
entered a area in whteh a charge is applied or is approaching and is about to enter a area in whk:h a charge Is applied, 
thereby making it easy for the driver to decide on a course of action relating to their entry into a area in which a charge 
is applied or the like. 

[0034] Moreover, in some cases, a constant charge is not applied in the area in whk:h a charge is applied. Instead, 
40 the charge application depends on a predetenmined time or time zone, the date or week, or a combination of these. 
Therefore, in the charge processing device, the notification means is able to give advance information including the time 
for which a charge is to be applied in the area in which a charge is applied when the moving body is approaching or has 
entered a area In which a charge Is applied. If the notification means Is able in this way to give advance information 
including the charge applicable time in the area in which a charge is applied when the moving body Is approaching or 
45 has entered a area in which a charge is applied, it is possible to notify the driver of information including the charge 
applicable time in the area in which a charge Is applied when the moving body has entered a area in which a charge Is 
applied or is approaching and is about to enter a area in which a charge is applied, thereby making it easy for the driver 
to be aware that they have entered into a area in which a charge is applied or the like having times for which charges 
are applied. 

so [0035] In claim 3 of the present invention, in the charge processing device according to ciaim 1 or claim 2 of the 
present invention, the generating means decides the entry state including a congestion state caused by moving bodies 
located in the area in which a charge is applied. 

[0036] In some cases, the charge application of the area In which a charge Is applied is set in accordance with the 
largeness of number of moving bodies that have entered the area in which a charge is applied, namely, in accordance 
55 with the state of congestion. In other words, the charge application of the area In which a charge is applied is set in 
accordance with when a predetermined state of congestion has been exceeded. Therefore, in claim 3, the generating 
means decides a state of entry including a state of congestion caused by moving bodies present in the area in which a 
charge Is applied. If the state of entry is decided in this way with the state of congestion included therein, then even 
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when the toll differs in accordance with the state of congestion of the area in which a charge is applied, because the 
state of congestion is included in the state of entry, it is possible to easily generate charge information for a moving body 
in accordance with the state of congestion. Note that it claim 3 can also be applied when the toll differs for a predeter- 
mined time or time zone, the date or week, or a combination of these. 
5 [0037] In claim 4 of the present invention, in the charge processing device according to any of claim 1 through claim 
3 of the present invention, the generating means Is further provided with storage means in which predetermined toil 
data con-esponding to the entry state Is stored in advance, and the generating means generates the charge information 
using the toll data In the storage means. 

[0038] The toll for the charge processing is determined in advance. Therefore, as described in claim 4, the gener- 
10 ating means is further provided with storage means in which predetemiined toll data con-esponding to the state of entry 
is stored in advance, and by generating the charge information using the toil data in the storage means, the generating 
means is able to generate the simplest and most appropriate charge information. 

[0039] The charge processing device according to claim 5 of the present invention comprises: host moving body 
position detecting means for detecting a position of a host moving body; transceiving means for transmitting position 
IS infonnation of the host moving body to the ground side, and for receiving charge data relating to a predetermined area 
in which a charge is applied, using wireless communication; and charge processing means for performing charge 
processing relating to the area In which a charge is applied, based on a result of a transmission and reception by the 
transceiving means. 

[0040] . In claim 5 of the present invention, the position of the host moving body is housed Is detected by the host 
20 moving body detecting means. As a result, it is possible to detect In the moving body side the position of the host mov- 
ing body. The aforementioned navigation system or the lilce, for example, can be employed for the host moving body 
detecting means. The transceiving means transmits position information of a host moving body to the ground side, and 
receives charge data relating to a predetermined area in which a charge is applied, using wireless communication. 
Namely, the detected position of the host moving body is trEinsmitted to the ground side by a transceiving means, while 
25 the charge data obtained on the ground side, namely, predetermined charge data relating to the area in which a charge 
is applied is received. Data expressing the toll to be collected can be used for this charge data. The charge processing 
means performs charge processing relating to the area in which a charge is applied based on the results of transmis- 
sions and receptions by the transceiving means. Namely, charge processing is performed using charge data such as 
the toll to be collected and the like determined on the ground. 
30 [0041 ] In claim 6 of the present Invention, in the charge processing device according to claim 5 of the present Inven- 
tion, the charge processing means performs the charge processing using an IC card on which balance information is 
stored. 

[0042] Namely, in the above charge processing, as is described in claim 6, an IC card on wheh balance information 
Is stored can be used by the charge processing means. 

35 [0043] Claim 7 of the present invention is a charge processing device comprising: detecting means for detecting 
position information representing a position where a vehicle is located; charge means for executing charge processing 
for the vehicle when the vehicle has entered into a predetermined area in which a charge is applied, based on a result 
of a detection by the detecting means; notification means which is mounted on the vehicle and which notifies the out- 
side of the vehicle of a processing state of the charge processing in a notifying state corresponding to the processing 

4o state; and continuing means for continuing a notification by the notifteation means during tiie vehicle is located inside 
the area in which a charge is applied, based on a result of the detection by the detecting means. 
[0044] In the charge processing device according to claim 7, detecting means detects position information repre- 
senting the position where a moving body Is present A navigation system mounted In a vehicle that enables the display 
of a map for aiding traveling or indicating a route to a destination can be used for this detecting means. As is commonly 

45 known, this navigation system can use a GPS system to easily detect the position of the vehicle in which it Is mounted, 
for example, a position determined by latitude and longitude. It Is also possible that in the vehicle side, a sending means 
such as a sender unit or the like for sending a signal that contains identifying data for identifying the host vehicle is pro- 
vided, and in the ground side, the sent signal is received so that the position information is detected on the ground side. 
[0045] Because it is possible to detect the position of the presence of a vehicle from the position infonnation, tiie 

so vehicle can be matched with this position, for example, with a position determined by latitude and longitude, on map 
infonnation determined in advance, such as a map of a predetemnined region from among maps of Japan or maps of 
the Tokyo area. 

[0046] The charge means executes charge processing for a vehicle when the vehicle has entered into a predeter- 
mined area in which a charge is applied, based on a result of a detection by the detecting means. For example, when 
55 a predetermined area in which a charge is applied is determined in advance on map information, by making a determi- 
nation as to whether or not the position of the presence of a vehicle that has k>een matched to the map information is 
within the area in which a charge is applied, it is possible to determine whether or not the vehicle has at least entered 
into the area in which a charge Is applied. Moreover, for example, the toll to be collected from a vehicle that is present 
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within the area in which a charge is applied is determined in advance/ Accordingly, when a vehicle enters the area in 
which a charge is applied, because a predetemnined toll should be charged, the toll that should be charged for the vehi- 
c!e that has entered the area in which a charge Is applied is^ collected. The charge, namely, the collection of the toll is 
performed by settling the toll from a settlement account such as a card containing balance infomiatlon such as a pre- 

5 paid card or an IC card or the like, a bank account or credit card associated with the vehicle user, or the like. 

[0047] The notification means mounted in the vehicle notifies the outside of the vehicle of the processing state of 
the charge processing in a notifying state corresponding to the processing state. The processing state may be at least 
a proper state that represents a state where a charge is properly made, or an improper state that represent a state 
where a charge is not made. If notification of one of these states is made, it is possible to confirm whether or not the 

10 charge has been properly made from outside the vehicle. Therefore, for example, by corresponding a notification state 
where notification is being made with the processing state being a proper state, and by corresponding a notification 
state where no notification is being made with the processing state being an improper state, it is possible to confirm that 
a charge has been property made from outside the vehtole simply by determining whether notification is being made or 
not being made, tt is not always certain that this notification for confinning the processing state will be made at a ioca- 

15 tion where an observer or the like is stationed. Therefore, the continuing means continues a notification by the notifica- 
tion means while the vehicle is present inside the area in which a charge is applied, based on a result of a detection by 
the detecting means, 

[0048] Thus, in the charge state notification device for a vehicle of the present invention, because the processing 
state of the charge processing perfomned when a vehicle has entered a area in which a charge is applied, which is 

20 known from the position of the vehicle detected by the detecting means, can be notified continuously within the area in 
which a charge is applied, the processing state can be confirmed from an arbitrary position within the area in which a 
charge is applied without installing on-road devices at every likely location of entry and exit such as entry and exit gates. 
[0049] In daim 8 of the present invention, in the charge processing device according to claim 7 of the present inven- 
tion, the notification means is a radiation means for radiating electromagnetic waves towards the outside of a vehicle. 

25 [0050] As is described in claim 8. a radiation means for radiating electromagnetic waves towards the outside of a 
vehicle can be used as the notification means. These electromagnetic waves may be light in the visible wavelength 
band or infrared light, microwaves or radio waves including faint waves. By using electromagnetic waves in this way, the 
notification state can be expressed using predetermined frequencies and cycles, and amplitude waveforms. 
[0051] In claim 9 of the present invention, in the charge processing device according to claim 7 or claim 8 of the 

30 present invention, the notification means is constructed as a light source disposed on the detecting means, or on a 
number plate of a vehicle, or in an area around a number plate of a vehicle. 

[0052] if the notification means is disposed at a location inside the vehicle that is difficult to observe from the out- 
side, the confirmation of the processing state of the charge processing, namely, the confirmation of the notification state 
Is difficult from outside the vehicle. Therefore, as described in claim 9, the notification means is formed from a light 
35 source disposed on the detecting means, or on ia number plate of a vehicle, or in an area around a number plate of a 
vehtele. As a result, it is easy for an observer or the like to visually confirm the processing state of the charge process- 
ing- 

[0053] In claim 10 of the present invention. In the charge processing device according to any of daim 7 through 
claim 9 of the present invention, the notification means performs notification in a predetermined operating pattern In 

4o which the notification state Is altered as in a time series. 

[0054] When notification of either one of a proper state expressing a state where a charge has been properly made, 
and an improper state representing a state where a charge has not been made Is made by the notification means, in 
some cases the notification, namely, the radiation of electromagnetic waves or the tijrnlng on of a light source, of a sin- 
gle notification state may be recognized by a third party other than the observer. Therefore, as described in claim 10, 

45 the notification means performs notification in a predetermined operating pattern In which the notification state is 
altered in the manner of a time series. This operating pattern may be a pattern fomned from a combination of a plurality 
of operating states, with the notification states indicated by predetermined electromagnetic wave frequencies, predeter- 
mined radiation intensities, and tuming on or off of the light source at a predetermined timing and the like. By making a 
notification In a predetermined operating pattem in this way. it is possible to make it difficult for a third party to recognize 

so the notification. 

[0055] In claim 11 of the present Invention, in the charge processing device according to claim 10 of the present 
invention, the notification means is further provided with receiving means for receiving a pattern signal representing the 
operating pattern, and notification of the processing state is made to the outside of a vehicle based on the pattern sig- 
nal. 

55 [0056] When the operating pattern is set inside the vehicle, it is possible for the operating pattern to be analyzed by 
a third party using reverse engineering or the like. Therefore, as described In claim 11 , the notification means is farther 
provided witii receiving means for receiving a pattern signal representing the operating pattern. The operating pattern 
is set in advance outside the vehicle and is transmitted to the vehicle. The notification means then notifies the outside 
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of the vehicle as to the processing state, based on the received pattern signal. As a resuit, analysis or recognition of the 
it by a third party is made difficult. 

[0057] In claim 12 of the present invention, in the charge processing device according to any of clainn 7 through 
claim 11 of the present invention, the notification means is structured from a vehicle exterior notification mean for noti- 
5 fying the outside of the vehicle of the processing state, and a vehicle interior notification means for notifying the inside 
of the vehicle of the processing state, and notification of the processing state is made to the interior and exterior of the 
vehicle. 

[0058] Confirmation of the processing state of the charge processing is easy from the outside of the vehicle, how- 
ever, it is not possible for a driver who is inside the vehicle to be aware of the processing state of the charge processing. 

10 Therefore, as described in claim 1 2, the notification mean is structured from a vehicle exterior notification mean for notl- 
fying the outside of the vehicle of the processing state, and a vehicle interior notification means for notifying the inside 
of the vehicle of the processing state. By notifying the interior and exterior of the vehicle of the processing state, it is 
possible to notify both an observer outside the vehicle and the driver inside the vehicle as to the processing state. Note 
that, when the notification mean is structured using lamps or the like which emit light if the lamps are housed in prede- 

75 termined housings and light is irradiated in directions opposite each other of the vehicle exterior notification means and 
the vehicle interior notification means, it is possible to easily notify the observer outside the vehicle and the driver inside 
the vehicle as to the processing state. 

[0059] In claim 13 of the present invention, there is provided observation means for observing a notification from 
the notification means provided in the charge processing device according to any of the 7 through claim 12 of the 
20 present invention. 

[0060] It is necessary to observe from outside the vehicle the processing state that has been notified to the outside 
of the vehicle. Therefore, in the charge state observation device of claim 13, there is provided observation means for 
observing a notification from the notification means provided in the charge state notification device for a vehicle. As 
described above, a device for detecting electromagnetic waves can be employed for this observation means. As a 
25 result, it is possible to easily observe the notification from outside the vehicle. 

[0061] In claim 14 of the present invention, in the charge processing device according to clabn 13 of the present 
invention, the observation means observes a notification by detecting at least brightness. 

[0062] Notification of the processing state to the outside is often made by electromagnetic waves, however, it is 
preferable if a light source is used and the notification is made using changes in the amount of light or by flashing the 
30 light Therefore, as described in claim 14, a notification is observed Isy the observation means detecting at least bright- 
ness. As a result, it is possible to make an observation corresponding to the processing state notified by changes in the 
amount of light or by flashing the light when a light source Is used. 

[0063] In claim 15 of the present invention, in the charge processing device according to claim 13 of the present 
invention, the observation means is an Image pickup means capable of picking up either one or a plurality of images 

35 having at least brightness. 

[0064] As described in claim 1 5, it is possible to use an image pickup means capable of picking up either one or a 
plurality of Images having at least brightness as the observation means. For example, an apparatus having an image 
pickup element such as a TV camera or an image sensor or the like can be used, if this image pickup means is used, 
it is possible to easily detect the notification state when notification is made using variations in brightness. 

40 [0065] in claim 18 of the present Invention, in the charge processing device according to any of claim 13 through 
claim 15 of the present invention, the observation means observes a notification by detecting at least brightness In syn- 
chronization with an observation pattem detennined in advance that varies in the manner of a time series. 
[0066] In order to prevent a processing state notified to the outside of a vehk^le from being recognized by, for exam- 
ple, a third party other than the observer, in some cases, the processing state is notified in a predetermined operating 

45 pattern in which the notification state Is altered in the manner of a time series. Therefore, as was described in claim 1 6, 
the observation means observes a notification by detecting at least brightness In synchronization with an observation 
pattern determined in advance that varies in the manner of a time series. As a result because it is made in synchroni- 
zation with the pattern of the notified processing state, the observation of the notification state can be simplified. 
[0067] Namely, when an image pickup means is used, as is described above, the observation means is able to 

50 observe a notification by detecting at least brightness in synchronization with an observation pattern determined in 
advance that varies, in the manner of a time series. For example, in a notification state in which a lamp is flashed on 
and off for the proper state, if an image is picked up coinciding with this flashing on and off, It can be easily determined 
that the notiftoation state Is proper only when the obtained brightness Is constantly bright Moreover, when the flashing 
is not In synchronization with this flashing, the notification state includes dark moments, therefore, it can be easily deter- 

55 mined that the notification state is not a proper state. 

[0068] In claim 1 7 of the present invention, in the charge processing device according to claim 16 of the present 
invention, the observation means is further provided with reception means for receiving a pattern signal indicating an 
observation pattern, and the obsen/ation means observes a notification in synchronization with an observation pattern 
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based on the pattern signal. 

[0069] When the observation is synchronized with an observation pattern, if the same pattern is constantly used» it 
is possible that it will be recognized by a third party. Therefore, as described in claim 1 7, by further providing the obser- 
vation means with reception means for receiving a pattern signal indicating an observation pattern, and the observation 
5 means observing a notification in synchronization with an observation pattern based on the pattern signal, it is possible 
to provide a degree of confidentlaiity to the observation pattern, and to easily increase the reliabirity of the observation 
of the processing state of the charge processing from outside the vehicle. 

[0070] In claim 18 of the present invention, in the charge processing device according to any of claim 13 through 
claim 1 7 of the present invention, the charge processing device being further provided with deciding means for deciding 

10 the charge processing state based the result on an observation by the observation means. 

[0071] If the result of an observation by the observation means is iised, the processing state can be easily decided 
automatically. Therefore, as described in claim 18. the charge processing device is further provided with deciding 
means for deciding the processing state of the charge processing based the result on an observation by the observation 
means. As a result, it is possible to easily decide the processing state of the charge processing automatically from out* 

IS side the vehicle, simplifying the observation. 

[0072] In claim 19 of the present invention, in the charge processing device according to claim 18 of the present 
invention, the deciding means is provided with comparing means for comparing the state of a notification obtained by 
the observation means with a predetermined notification state, and processing deciding means for deciding the state of 
the charge processing based on the result of a comparison by the comparing means. 

20 [0073] In order for a distinction to be made between a nomnal state and an abnonmal state, the notification states 
are able to be distinguished between a predetermined notification state and notification states other than the predeter- 
mined notification state. Therefore, as described in claim 19, by providing the deciding means with comparing means 
for comparing the state of a notification obtained by the observation means with a predetermined notification state, and 
with processing deciding means for deciding the processing state of the charge processing based on the result of a 

25 comparison by the comparing means, the distinguishing of the notification state is simplified and it is possible to 
observe processing state of the charge processing easily from outside the vehicle. 

[0074] Claim 20 of the present invention is a charge processing device comprising: receiving means for receiving a 
pattern signal indicating an observation pattern altered in the manner of a time series in order to observe a notification 
from a notification means provided in the charge processing device according to any of claim 7 through claim 12 of the 
30 present invention; and presenting means for presenting notification infomriation corresponding to the observation pat- 
tem in synchronization with ttie observation pattern based on the pattern signal, wherein each of the above receiving 
means and display means is portable. 

[00^] tt is difficult to observe at an arbitrary location on an irregular time basis for a charge state observation 
device if the device itself is large and has nttle mobility. Therefore, as described in claim 20, a portable charge state 
35 observation device is formed comprising: receiving means for receiving a pattern signal indicating an observation pat- 
tern altered in the manner of a time series in order to observe a notification from a notification means and presenting 
means for presenting notification information corresponding to the observation pattern in synchronization with the 
observation pattern based on the pattern signal. As a result, the convenience and mobility of the charge state observa- 
tion is improved. 

40 [0076] In claim 21 of the present Invention, in the charge processing device according to claim 20 of the present 
Invention, the presenting means presents observation information via at least one of sound and light. 
[0077] As is described in claim 21 , by presenting notification information via at least one of sound and light, the pre- 
senting means is easily able to present observation information corresponding to an observation pattern. 
[0078] • Claim 22 of the present invention Is a charge processing device comprising: detecting means for detecting 

45 position Information indicating the position where a vehicle Is located; making means for generating charge Information 
for the vehicle in a predetemiined area In which a charge is applied, as well as making a charge history of the generated 
charge information based on a result of a detection by the detecting means; and transmitting means for transmitting a 
charge history of charge information generated by the generating means to the ground side. 

[0079] In the charge processing device according to claim 22 of the present invention, detecting means detects 
so position information Indicating the position where a vehicle is located. A navigation system for a vehicle capable of dis- 
playing a map for assisting driving and giving instructions on a route to a destination can be used for this detection 
means. The making means creates charge information for the vehble in a predetermined area in which a charge is 
applied, and also makes a charge history of the created charge infomnation, based on a result of a detection by the 
detecting means. For example, the toll that should be collected from a vehicle located in a area In which a charge is 
55 applied is determined such that the amount of the charge is determined from the number of times the vehicle enters the 
area in which a charge is applied and the length of time the vehicle is in the area in which a charge is applied. Conse- 
quently, the number of entries into the area in which a charge is applied and the length of stay in the area in which a 
charge is applied are generated as charge information. Because the charge is made in relation to the charge infomria- 
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tlon from the entry and length of stay arid the like of the vehicle in the area in which a charge is applied, the charge his- 
tory of the charge information generated by the generating means is transmitted to the ground side by transmitting 
means. As a result, at the ground side, it is possible to collect the toll that should be charged to the vehicle that entered 
or stayed in the area in which a charge is applied. The collection of this charge, namely, of the toll can be performed by 

5 settling the toll from an settled account such as a bank account or credit card or the like associated with the user of the 
vehicle, or from a card on which balance information is stored such as a prepaid card or IC card or the like. 
[0080] In claim 23 of the present invention, in the charge processing device according to claim 22 of the present 
invention, the making means is formed from generating means for generating. charge information for each of a plurality 
of existing area in which a charge is applied, and accumulating means for accumulating in sequence the created charge 

10 information as charge history. 

[0081] As described in claim 23, the making means can be formed from generating means for generating charge 
information for each of a plurality of existing area in which a charge is applied, and accumulating means for accumulat- 
ing in sequence the generated charge infonmation as charge history. By using this construction, even when a plurality 
of area tn which a charge is applied are scattered around or are grouped together, because the charge information of 

15 each area in which a charge is applied is accumulated as charge history in the accumulating means, the entry into or 
length stay or the like of a vehtele in a plurality of area in which a charge is applied can be easily ascertained. 
[0082] tn claim 24 of the present invention, in the charge processing device according to claim 22 or claim 23 of the 
present invention, the detecting means detects the position information using satellite signals from satellites. 
[0083] In the detection of a vehtele, it is possible to provide in the vehicle a transmitting means such as a transmitter 

20 or the like for transmitting a signal that contains identification data for identifying the host vehicle, and to receive this 
transmitted signal on the ground so as to detect the position infomiation on the ground, or to detect the position infor- 
mation in the vehicle via a navigation system. As is widely known, a navigation system uses a GPS system that uses 
satellite signals from satellites to easily detect the position of the host vehicle, for example, a position determined by 
latitude and longitude. Therefore, as described in cfaim 24, the detecting means is formed so as to be able to detect the 

^ position information using satellite signals from satellites. As a result of this, the position of a vehicle can be pinpointed 
in that host vehicle. 

[0084] In claim 25 of the present invention, in the charge processing device according to any of claim 22 through 
claim 24 of the present invention, the making means is further provided with matching means for matching the position 
information with predetermined map information, and with deciding means for deciding, based on a matching result by 
30 the matching means, a state of entry indicating whether or not the vehicle has at least entered into a predetermined 
area in which a charge is applied in the map information, and wherein the charge Infomnation Is created based on a 
result of a decision by the deciding means. 

[0085] Almost all of the positions on the ground driven over by a vehicle can be pinpointed on a map. Therefore, as 
described in claim 25, the preparing means Is further provided with matching means for matching the position informa- 

35 tlon with predetermined map Infonnation, and with deciding means for deciding, based on a matching result by the 
matching means, a state of entry indteating whether or not the moving body has at least entered into a predetermined 
area in whteh a charge is applied In the map information. Because the position where the vehicle is located can be pin- 
pointed from the position Information, the matching means is able to match this position, for example, a position set as 
a latitude and longitude, with a vehicle on predetermined map Information such as a map of Japan or a map of prede- 

4o termined area from among Tokyo, Osaka, Kyoto, Hokkaido and others. 

[0086] The deciding means decides, based on the result of a matching by the matching means, a state of entry indi- 
cating whether or not the vehicle has at least entered into a predetennined area in which a charge is applied in the map 
information. The location where the vehicle Is present is matched by the matching means to the map information. Area 
in which a charge Is applied are set on this map Information. Consequently, if a determination as to whether or not the 

45 position where the vehicle matched to the map information Is located Is Inside a area in which a charge is applied, it is 
possible to determine whether or not the vehicle has at least entered into the area in which a charge is applied. 
[0087] As a result of this, the deciding means decides an entry state indicating whether or not a vehicle has at least 
entered Into a area in whteh a charge is applied. The generating means generates charge infomnation for the vehcle 
based on the result of the deciding by tiie deciding means. For example, the toll to be collected from a vehicle located 

so within a area In which a charge is applied is set in advance. Accordingly, when a vehicle has entered into the area In 
which a charge Is applied, the predetermined toll should be charged. Therefore, the toll that should be charged to the 
vehicle that has entered the area in which a charge Is applied is created as charge information. 
[0088] Claim 26 of the present invention is a charge processing system provided with: in-vehicle communication 
means which is provided with the charge processing device according to any of claim 22 through daim 25 of the present 

55 invention and in whteh the transmission means transmits charge history in accordance with an input transmission 
request and on-road communication means having requesting means for performing the transmission request and 
processing means for performing charge settlement processing in a predeterrhined processing area and based on a 
transmitted charge history. 
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[0089] The charge processing system according to claim 26 provided with in-vehicle communication means which 
is provided with the charge processing device according to any of claim 22 through claim 25 of the present invention 
having transmission means for transmitting charge history in accordance with an input transmission request As a 
result, as was described above, if a transmission request is made from the ground side, the charge history is able to be 

5 transmitted from the vehicle side. This transmission request is performed by the requesting means of the transmission 
means on the ground side. In addition, the processing means performs charge settlement processing based on a pre- 
determined processing area and a transmitted charge history. As a result, the charge history is held on the vehicle side 
and charge settlement processing can be performed in the processing area from the held charge history, and the area 
for the charge processing Is not limited to being established within the area in which a charge Is applied. 

10 [0090] In daim 27 of the present invention, in the charge processing system according to claim 26 of the present 
invention, the on-road communication means is further provided with altering means for altering the amount of the 
charge settlement based on a time untjl an arrival in the processing area 

[0091] In the in-vehicle device, even if the charge history is held or accumulated, it is not possible to collect the 
actual toll if the charge processing Is not performed. Therefore, as described in claim 27, the on-road communication 

15 means Is further provided with altering means for altering the amount of the charge settlement based on a time until an 
arrival in the processing area. For example, for a set time, the toll collection of the charge amount corresponds to the 
above charge history, however, when the set time is exceeded and as the time becomes longer, it Is possible to increase 
the charge amount, as is the case with arrears payments and the like. As a result, it is possible to do away with the loss 
that is incurred until the actual toll coliection depending on the length of time involved. 

20 [0092] Claim 28 of the present invention is a charge processing device comprising: detecting means for detecting 
position information Indicating a position where a vehicle is located; storage means capable of being inserted and 
removed for storing a predetermined area in which a charge is applied; and generating means for generating charge 
information for the vehicle based on a result of a detection by the detecting means and an area in which a charge is 
applied stored in the loaded storage means. 

25 [0093] In the charge processing device according to claim 28, the detecting means detects position Information 
Indicating the position where a vehicle is located. A navigation system for a vehicle capable of displaying maps to assist 
with driving and instruct as to a route to a destination can be used as the detecting means. Predetemiined area in which 
a charge Is applied are stored in the storage means capable of being inserted and removed, and the generating means 
generates charge information for the vehicle based on the result of the detection by the detecting means and the area 

3o in which a charge is applied stored in the storage means. For example, the toll that should be collected from a vehicle 
located in a area in which a charge is applied is determined such that the amount of the charge is determined from the 
number of times the vehicle entered the area in which a charge is applied and the length of time the vehicle was in the 
area in which a charge is applied. Consequently, the generating means generates the number of entries into and the 
length of stay In the area in which a charge is applied as charge information. The storage means is capable of being 

35 inserted and removed, therefore, when the area in which a charge is applied varies, it is possible to con-ectly collect the 
toll that should be charged for the vehicle that has entered or stayed in the area in which a charge is applied and the 
like simply by altering the area in which a charge Is applied that should be stored in the storage means. 
[0094] In claim 29 of the present invention, in the charge processing device according to claim 28 of the present 
invention, the generating means is provided with a reading means for reading a result of a detection by the detecting 

4o means and an area In which a charge is applied stored in the storage means, and generates charge Information from 
the read position information and area in which a charge is applied. 

[0095] As is described in claim 29, the generating means is provided with a reading means for reading a result of a 
detection by the detecting means and an area in which a charge is applied stored in the storage means, and generates 
charge information from the read position information and area in which a charge is applied. Because it is possible to 
45 read the result of a detection by the detecting means and the area in which a charge is applied stored in the storage 
means in this way using a reading means, the charge information can be easily generated. 

[0096] In claim 30 of the present invention, in the charge processing device according to claim 28 or claim 29 of the 
present invention, the storage means Is a toll card on which is stored an area in whk:h a charge is applied for generating 
at least charge Information. 

50 [0097] Because the storage means Is capable of befng Inserted and removed, as is descnlsed in claim 30, it is pos- 
sible to use a toll card on which is stored an area in which a charge Is applied for generating at least charge Information 
as the storage rheans. An IC card or prepaid card can be used for this toll card. 

[0098] Claim 31 of the present invention is a charge processing card provided with: a loading portion for loading in 
an in-vehicle device that detects position information indicating the position where a moving body Is located, and gen- 
55 erates charge information from the position information and a predetemiined area in which a charge Is applied; an area 
storage portion for storing the area in which a charge is applied; and a balance storage section for storing balance infor- 
mation. 

[0099] The charge processing card described in claim 31 of the present invention can be used as the toll card. This 
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charge processing card is provided with: a loading portion for loading in an in-vehicle device that detects position infor- 
mation indicating the position where a moving body is located, and generates charge information from the position infor- 
mation and a predetermined area in which a charge is applied; an area storage portion for storing the area in which a 
charge is applied; and a balance storage section for storing balance information. Consequently, the charge processing 
5 card is loaded In the in-vehicle device via the loading portion so that a area in which a charge is applied can be read 
from the area storage portion arid balance infomiation can be read from the balance storage portion. It is thus possible 
to correctly collect the fare that should be charged to a vehicle that has entered Into or stayed in the area in which a 
charge is applied. 

[0100] Claim 32 of the present invention is a charge processing device (701) carried by a user or mounted on a 

10 moving body comprising: means for detecting a ground position (ANTg, 720 - 726); storage means (CRD) for storing 
area specifying infomiation and inside-area control information; notification control means (702) for generating position 
relation information in a charge processing device for an area indicated by area specifying information, based on a 
ground position detected by the ground position detecting means (ANTg, 720 - 726) and area specifying information of 
the storage means; and notification means (71 0, 71 1 , SR 704, 724) for notifying a user as to information expressed by 

15 the area specifying infomiation, and the Inside-area control information and the position relation informatioa 

[0101] Note that in order to make comprehension easier, symbols of conresponding elements shown in the draw- 
ings of the embodiments corresponding to the present Invention are added for reference inside the brackets. 
[0102] Consequently, the notification control means (702) generates position relation information in a charge 
processing device (701) that functions as a notification device for an area (charge area) expressed by area specifying 

20 Information (charge area information) of the storage means (CRD). The notification means (710, 71 1, SR 704, 724) 
reports this position relation infonmation as well as infonmation (area and charge amount) indicating control information 
within an area and area specifying information of the storage means (CRD). As a result, a user of this charge process- 
ing device is easily able to be aware of the existence and position of a specific area as well as what type of area the 
area is by the time the user enters into the area represented t>y the area specifying information. The user is thus able 

25 to easily decide in good time whether to enter^the area or to alter their route. 

[0103] Claim 33 of tiie present invention is a charge processing device (701) carried by a user or mounted on a 
moving body comprising: means for detecting a ground position (AhTTg, 720 - 726); storage means (CRD) for storing 
charge area specifying information, inside-area charge information, and credit information; notification control means 
(702) for generating position relation information in a charge processing device for a charge area indicated by charge 

30 area specifying information, based on a ground position detected by the ground position detecting means (ANTg, 720 
- 726) and charge area specifying information of tiie storage means, and updating credit information in the storage 
means in response to changes outside and inside a ground position relative to the charge area; and notification means 
(710, 71 1 , SR 704, 724) for notifying a user as to information expressed by the position relation infomiation, the charge 
area specifying information, the change information inside the area, and the credit information. 

35 [0104] Consequently, the notification control means (702) generates position relation information In a charge 
processing device (701 ) that functions as a notification device for a charge area expressed by charge area spedfying 
information (charge area information) of the storage means (CRD). The notification means (710, 711, SR 704. 724) 
reports this position relation information as well as Information (charge area and charge amount) indteating charge 
infomiation within an area and charge area specifying information of the storage means (CRD). As a result, a user of 

4a this charge processing devkse is easily able to be aware of the existence and position of a charge area as well as tiie 
charge amount by the time the user enters into the charge area. The user is thus able to easily decide in good time 
whether to enter the charge area or to select a detour route, 

[0105] Moreover, when a vehicle leaves a charge area after entering the area, the notification control means (702) 
updates the credit Information in the storage means when the vehicle enters the charge area or departs from the charge 
45 area, and the notification means (71 0, 71 1 , SR 704, 724) reports information (balance information) Indicating tiie credit 
infomiation to the user, therefore, there is no manual involvement in the charge processing and the user is easily made 
aware of the balance. 

[0106] Claim 34 of the present invention is a charge processing system provided with: a charge processing device 
(701 ) carried by a user or mounted on a moving body and Includes a means for detecting a ground position (ANTg, 720- 

50 726), communication means for receiving area specifying Information (ANTt, 708. 706), storage means for storing 
received area specifying information (CRD, 702). notification control means (702) for generating position relation infor- 
mation in a charge processing device for an area Indicated by area specifying information based on a ground position 
detected by the ground position detecting means (ANTg, 720-726) and area specifying information of the storage 
means, and notification means (71 0,71 1 ,SR704) for notifying a user as to the position relation information; and a trans- 

55 mitting station comprising public notification information storage means for storing area specifying information, and 
transmitting means for transmitting area specifying information of the public notification information storage means. 
[0107] Consequently, the notification control means (702) generates position relation information in a charge 
processing device (701) that functions as a notification device for an area represented by area specifying Information 
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(charge area Information) of the storage means (CRD). The notification means (710, 711, SP, 704, 724) reports this 
position relation information. As a result, a user of this charge processing device is easily able to be aware of the exist- 
ence and position of a specified area by the time the user enters into the area represented by the area specifying infor- 
mation. The user is thus able to easily decide in good time whether to enter the charge area or to alter the route. 

5 [01 08] Moreover, the transmission means (740, 741 , 732) of the transmitting station (730) transmits area specifying 
Infomnation of the public information storage means (FOB), and the communication means (ANTt. 708, 708) of the 
charge processing device (701 ) that is functioning as a public notification device receives the area specifying informa- 
tion, which is then stored by the storage means (CRD, 702). As a result if the transmitting station (30) alters the area 
specifying information of the public notification information storage means (FOB) in order to alter the position or size of 

10 the area, the area specifying Information of the charge processing device (701) also automatically changes to altered 
information. The transmission of the area specifying information is simple and the altering of the information is also sim- 
ple. Because it is possible to transmit area specifying infomiation to all charge processing devices (701) that might pos- 
sibly enter the area from a single transmitting station (730) covering the area and its environs, the installation of the 
system elements is comparatively simple and the reliability of the information notification is increased. 

IS [0109] Claim 35 of the present Invention is a charge processing system provided with: a charge processing device 
(701) carried by a user or mounted on a moving body and includes means for detecting a ground position (ANTg, 720- 
726), communication means for receiving charge area specifying information and inside-area charge Information 
(ANTt, 708,706), storage means for storing received charge area specifying Information (CRD, 702),, and credit infor- 
mation, notification control means (702) for generating position relation information in a charge processing device for a 

20 charge area, based on a ground position detected by the ground position detecting means (ANTg, 720-726) and charge 
area specifying information of the storage means, and updating credit information In the storage means in response to 
changes outside and inside a ground position relative to the charge area, and notification means (710,71,704,724) for 
notifying a user as to information expressed by the position relation information, the charge area specifying information, 
the charge information for inside the area, and the credit information; and a transmitting station (30) comprising public 

25 notification information storage means (FDB.TDB) for storing area specifying information and inside-area charge Infor- 
mation, and transmitting means (740,731 ,732) for transmitting area specifying Information and inside-area charge Infor- 
mation of the public notification information storage means. 

[0110] Consequently, the notification control means (702) generates position relation information in a charge 
processing device (701 ) that functions as a notification device for a charge area represented by charge area specifying 

30 Information (charge area information) of the storage means (CRD). The notification means (710, 71 1, SP, 704, 724) 
reports this position relation infomiation as well as information (charge area and charge amount) indicating charge 
information within an area and charge area specifying information of the storage means (CRD). As a result, a user of 
this charge processing device is easily able to be aware of the existence and position of a charge area as well as the 
charge amount by the time the user enters into the charge area. The user is thus able to easily decide in good time 

35 whether to enter the charge area or to select a detour route. 

[Oil 1 ] Moreover, when a vehicle leaves a charge area after entering the area, the notification control means (702) 
updates the credit information in the storage means when the vehicle enters the charge area or departs from the charge 
area, and the notification means (710, 71 1 , SP, 704, 724) reports information (balance Information) indicating the credit 
Information to the user, therefore, there Is no manual Involvement In the charge processing and the user is easily made 

4o aware of the balance. 

[0112] Moreover, the transmission means (740, 741, 732) of the transmitting station (730) transmits Inside-area 
charge information area and area specifying information of the public information storage means (FDB), and the com- 
munication means (ANTt, 708, 706) of the charge processing device (701) that Is functioning as a public notification 
device receives this infomiation, which is then stored by the storage means (CRD, 702). As a result, If the transmitting 

45 station (730) alters the charge amount and the area specifying information of the public notification information storage 
means (FDB) in order to alter the position, size and/or the charge amount of the area, the information of the charge 
processing device (701) also automatically changes to altered information. The transmission of the area specifying 
Information and the Inside-area charge infomiation is simple and the altering of the information Is also simple. Because 
it is possible to transmit area specifying information and charge Information for within the area to all charge processing 

so devices (701) that might possibly enter the area from a single transmitting station (730) covering the area and its envi- 
rons, the installation of the system elements Is comparatively simple and the reliability of the information notification is 
Increased. 

[0113] In the charge processing system according to claim 35, as item 35A, the notification control means (702) 
transmits the updated credit card infonmation as well as an ID of the charge processing device (701 ) that is functioning 
55 as a notification device to the transmission station (730) via the communication means (ANTt, 708, 706). The commu- 
nication station (730) includes unpaid data storage means (CDB), and the infonmation control means (732) of the trans- 
mission station (730) is able to make a record in accumulation manner of Insufficient payment credit Information, for 
received ID address, in the unpaid data storage means (CDB). 
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[0114] Consequentiy, on the basis of the total recorded (unpaid) data of the unpaid data storage means (CDB), the 
area controller is able to issue a warning that an insufficient amount has been collected and/or to perform the collection 
of the outstanding debt. Thus, the task of controlling the area is simplified and made more economical. 
[0115] In claim 35 or item 35A of the charge processing system, as item 35B, the notification control means (702) 

5 transmits the fact that an entry has been made into a charge area, when the ground position changes from outside the 
charge area to inside the charge area, to the transmission station (730) via the communication means (ANTt, 708, 706). 
The transmission station (730) Includes accumulation storage means (TDB), and the information control means (732) 
of the transmission station (730) is able to update the data for the accumulated number of entries in the accumulation 
storage means (TDB) to data of a larger value, every time it receives a transmission to the fact that an entry has been 

10 made into a charge area. 

[0116] Consequently, on the basis of the data stored in accumulation storage means (TDB). the area controller is 
able to calculate the number of entries (number of vehicles / time) into an area, estimates traffic volume parameters 
such as the congestion or changes in the congestion, and use this for traffic volume information collection and traffic 
control. 

15 [0117] In the charge processing system of the above item 35B, when the ground position changes from inside the 
charge area to outside the charge area, the notification control means (702) transmits this departure from the charge 
area to the transmission station (730) via the communication means (NTl, 708, 706). Each time the Infomiation control 
means (732) of the transmission station (730) receives a transmission about the departure from the charge area, the 
information control means (732) is able to update the data for the accumulated number of departures in the accumula- 

20 tion storage means (TDB) to data of a larger value, every time it receives a transmission to the effect that a departure 
has been made from a charge area. 

[0118] Consequently, the balance when the data for the accumulated number of departures in the accumulation 
storage means (TDB) is subtracted from the data for the accumulated number of entries in the accumulation storage 
means (TDB) shows the retention volume (or the volume of congestion when traffic is congested), Inside the charge 

25 area, of vehicles in which the charge processing device (701) that is functioning as a notification device is mounted. The 
time differential value thereof shows the speed of change (i.e. a tendency towards congestion and a tendency towards 
easing of congestion) in the retention volume. Based on the data stored in the entry accumulation storage means 
(TDB), the area controller is abie to estimate traffic volume parameters such as congestion within the area or changes 
in the congestion, and use this for traffic volume Information collection and traffic control. 

30 [01 1 9] Note that instead of counting the number of entries into an area and the number of departures from an area 
separately, it is also possible to increment the retention volume data for an entry and decrement the retention volume 
data for a departure. In this case, the retention volume data shows the retention volume within an area directly, and the 
time differential value thereof shows the speed of change (I.e. a tendency towards congestion and a tendency towards 
easing of congestion) in the retention volume. 

35 [0120] Claim 36 of the present invention is a charge processing device carried by a user or mounted on a moving 
body comprising: means (ANTg, 720 - 726) for detecting a ground position; storage means (CRD, 702) for storing area 
specifying information and credit information; relative position determining means (702) for calculating whether a 
. ground position detected by the ground position detecting means is inside or outside an area represented Isy area spec- 
ifying infomnatlon in the storage means; interruption instruction means (IGsw); time measuring means (702) for meas- 

40 uring the time elapsed inside an area during a period in which there is no (Si = H) interruption instruction (SI = L) from 
the interruption instruction means; and charge processing means (702) for updating the credit information based on a 
value of a time measured by the time measuring means. 

[0121] Note that, in order to make comprehension easier, symbols of corresponding elements shown in the draw- 
ings of the embodiments corresponding to the present invention are added for reference inside the brackets. 

45 [0122] Consequently, because the toll payment medium Is the storage means (CRD. 702), and the toll payment 
processing Is performed by updating the credit Infomiation, the toll payment is not a complicated matter Even if the road 
network inside the charge area is complicated, there is no need to provide tollbooths or vehicle transit determining 
devices on a plurality of routes within the area or at the entries and exits to the area, and neither there is any need for 
a large installation of a charge processing system fixed faciHty. 

so [0123] For example, if a simple charge is applied to a vehicle in which a charge processing device Is mounted, when 
the charge is applied In proportion to the length of time the vehicle remained inside charge area, the charge is also 
Increased for residents of the charge area, people working inside the charge area, and when vehicles are parked in 
locations where they have no effect on road congestion such as In a car park, which is unreasonable when the charge 
is supposed to be applied to a vehicle driving in the area. To counter this, a method in which the charge to residents of 

55 a charge area or people working inside the charge area is reduced by a fixed discount ratio may be considered, how- 
ever, there are various relative ratios of parking time and traveling time depending on the person, and a person who 
parks for an extremely short time, for example, is treated extremely advantageously. 

[0124] Therefore, in the present Invention, there is provided interruption instruction means (IGsw), and time meas- 
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uring means (2) for measuring the time elapsed inside an area during a period in which there is no (Si = H) interruption 
instruction (Si = L) from the intenruption instruction means. In the case of a vehicle, the interruption instruction means 
(IGsw) generates an interruption instruction (SI = L) when the vehicle is parked and measures the elapsed time when 
the vehicle is not parked (SI =i H). As a result, when the purpose is to charge for traveling on a road, a reasonable rela- 

5 tlonship Is created between use of the road network and the amount of the toll to be paid. 

[0125] Claim 37 of the present invention is a charge processing devk:e canrfed by a user or mounted on a moving 
body comprising: means (ANTg, 720 - 726) for detecting a ground position; storage means (CRD, 702) for storing area 
specifying information and credit information; relative position determining means (702) for calculating whether a 
ground position detected by the ground position detecting means is inside or outside an area represented by area spec- 

10 ifying information in the storage means; distance measuring means (702) for measuring a distance moved within an 
area; and charge processing means (702) for updating the credit infonnation based on a distance measured by the dis- 
tance measuring means. 

[0126] Consequently, because the toll payment medium is the storage means (CRD, 702), and the toll payment 
processing is performed by updating the credit information, the toll payment is not a complicated matter. Even if the road 
75 network Inside the charge area is complicated, there Is no need to provide tollbooths or vehk:le transit determining 
devices on a plurality of routes within the area or at the entries and exits to the area, and neither there is any need for 
a targe installation of a charge processing system fixed facility. 

[0127^ When a charge processing device is used in a vehicle charge system for charging in accordance with the 
distance traveled inside a charge area, the charge is made on the distance traveled inside the charge area and the 

20 increase in the charge amount is automatically stopped when the vehicle is parked. Consequently, there are no incon- 
sistencies between residents of the charge area or people working in the charge area and other people. 
[0128] In claim 38 of the present invention, the charge processing device further comprises notification means 
(710, 71 1 , SR 704, 724) for notifying a user about information representing area specifying information and credit infor- 
mation. A user of the charge processing system can be made aware of the existence of a charge area before entering 

25 the area as well as of the credit information, simplifying the user's choice as to whether or not to enter the charge area. 
[0129] In claim 39 of the present invention, the charge processing device further comprises: notification control 
means (702) for generating approach information that a charge processing devbe is approaching an area represented 
by area specifying information based on a ground position detected by the ground position detecting means and area 
specifying information of the storage means; and notification means (710, 711, SR 704, 724) for notifying a user about 

30 infomiation representing the approach infonnation, the area specifying information, and the credit information. Because 
a notification is made to the effect that a vehicle is approaching the charge area, a user is able to choose more reliably 
and with more leeway whether or not to enter the charge area. 

[0130] Claim 40 of the present invention Is a charge processing system comprising: the charge processing device 
according to claims 36, 38 or 39, provided with communication means (ANTt, 708, 706) for receiving area specifying 
35 infomnation, wherein storage means (CRD, 702) stores received area specifying information; and a transmitting station 
(730) that includes public notification information storage means ((FDB, TDB) for storing area specifying information, 
and communication means (740, 731 , 732) for transmitting area specifying Information of the public notification infbr- 
mation storage means. 

[0131] Consequently, the transmitting means (740. 731, 732) of the transmitting station (730) transmits area spec- 
40 ifying information of the public notification Information storage means (FDB). The communication means (NTt, 708, 
706) of the charge processing device (701) receives the area specifying Information which is then stored by the storage 
means (CRD, 702). As a result if the transmitting station (730) alters the area specifying information of the public noti- 
fication Information storage means (FDB) in order to alter the position and/or size of the area, the area specifying infor- 
mation of the charge processing device also automatically changes to altered information. Hie transmission of the area 
45 specifying information is simple and the altering of the information is also simple. Because It is possible to transmit area 
specifying information to all charge processing devices (701) that might possibly enter the area from a single transmit- 
ting station (730) covering the area and Its environs, the installation of the system elements is comparatively simple and 
the reliability of the infomiation notification is increased. 

[0132] in claim 41 of the present Invention, in the charge processing device according to claim 36 of the present 
so invention or the charge processing system according to claim 40 of the present invention, the charge device is mounted 
in a vehicle, and the interruption instruction means performs an interruption instruction by being interconnected with the 
off operation of the ignition (IGsw) of the vehicle. 

[0133] Consequently, because an intenruption instruction (Si = L) is generated when the car is parked, and the time 
lapse is suspended, there is no charge for the length of time that the vehicle is parked and, when the purpose is to 
55 charge for traveling on a road, a reasonable relationship Is created between use of the road network and the amount of 
the toll to be paid. 

[0134] Claim 42 of the present invention is a charge processing system comprising: the charge processing device 
according to claim 37, 38 or 39, provided with communication means (ANTl, 708, 706) for receiving area specifying 
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information, wherein storage means (CRD, 702) stores received area specifying information; and a transmitting station 
(730) that Includes public notification information storage means (FD8, TDB) for storing area specifying information, 
and communication means (740, 731 , 732) for transmitting area specifying information of the public notification infor- 
mation storage means. Consequently, the same operation and effects as in the above fortieth embodiment are 
5 obtained. 

[0135] in the above charge processing system, as item 38A. the notification control means (702) transmits the 
updated credit information together with the ID of the charge processing device (701) to the transmission station (730) 
via the communication means (ANTt, 708, 706). The transmission station (730) includes unpaid data storage means 
(CDB), and the infomiation control means (732) of the transmission station (730) malces a record of accumulated insuf- 
10 ficient payment credit information that it has received at the ID address receh^ed in the unpaid data storage means 
(CDB). 

[0136] Consequently, on the basis of the total recorded (unpaid) data of the unpaid data storage means (CDB), the 
area controller is able to issue a warning that an insufficient amount has been collected and/or to perform the collection 
of the outstanding debt. Thus, the task of controlling the area is simplified and made more economical. 

IS [0137] In the charge processing system, as item 38B, the notification control means (702) transmits the fact that an 
entry has been made into a charge area when the ground position changes from outside the charge area to inside the 
charge area to the transmission station (730) via the communication means (ANTt, 708, 706). The communication sta- 
• tlon (730) includes accumulation storage means (TDB), and the information control means (732) of the transmission 
station (730) is able to update the data for the total number of entries in the accumulation storage means (TDB) to data 

20 showing a larger value, every time It receives a transmission to the effect that an entry has been made into a charge 
area. 

[0138] Consequently, on the basis of the data stored in accumulation storage means, tiie area controller Is able to 
calculate the number of entries (number of vehicles / time) into an area, estimates traffic volume parameters such as 
the congestion or changes in the congestion, and use this for traffic volume infomiation collection and traffic control 

25 [0139] In the charge processing system, as above item 38C, when the ground position changes from inside the 
charge area to outside the charge area, the notification control means (702) transmits this departure from the charge 
area to the transmission station (730) via the communication means (ANTt, 708. 706), Each time the infonmation control 
means (732) of the transmission station (730) receives a transmission about a departure from the charge area, the 
information control means (732) is able to update the data for the total number of departures in the accumulation stor- 

30 age means (TDB) to data showing a larger value, every time it receives a transmission to the effect that a departure has 
been made from a charge area. 

[0140] Consequently, the balance when the data in the accumulation storage means (TDB) for the total number of 
departures is subtracted from the data for the total number of entries shows the retention volume (or the volume of con- 
gestion when traffic is congested) inside the charge area of vehicles in which the charge processing device (701 ) that 
35 is functioning as a notification device Is mounted. The time differential value thereof shows the speed of change (i.e. a 
tendency towards congestion and a tendency towards easing of congestion) In the retention volume. Based on the data 
stored in the entry accumulation storage means (TDB), the area controller is able to estimate traffic volume parameters 
such as congestion within the area or changes in the congestion, and use this for traffic volume Information collection 
and traffic control. 

40 [0141] Note that Instead of counting the number of entries into an area and the number of departures from an area 
separately, it is also possible to increment the retention volume data for an entry and decrement the retention volume 
data for a departure. In this case, the retention volume data shows the retention volume within an area directly, and the 
time differential value thereof shows the speed of change (i.e. a tendency towards congestion and a tendency towEurds 
easing of congestion) in the retention volume. 

4S [0142] Claim 43 of the present Invention is a charge processing device comprising: storage means (CRD) for stor- 
ing credit information; read /write means (705) for reading credit information from the storage means (CRD) and writing 
credit information to the storage means (CRD); entry detecting means (720 - 726, 702) for detecting an entry into a 
charge area; charge processing means (702) for updating, in accordance with a charge toll, credit Information in the 
storage means (CRD) via the read / write means (706) in response to traffic in a charge area; and communication 

so means (2, ANTt, 708, 706) for transmitting information on a state of a charge device (i.e. card reader is normal, card Is 
present) including whether or not reading and writing of the credit information in the storage meeuis is possible while in 
a charge area. 

[0143] Note that in order to make comprehension easier, symbols of corresponding elements shown In the draw- 
ings of the embodiments conresponding to the present invention are added for reference Inside the brackets. 
55 [0144] Consequently, because the toll payment medium is the storage means (CRD), and the toll payment process- 
ing is performed by updating the credit information, the toll payment is not a complicated matter. The charge control 
staff on collects the charge device state Information transmitted by the communication means (702, ANTt, 708, 706), 
and is able to know whether or not reading and writing by the storage means (CRD) is possible, namely, whether or not 
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charge processing is possible, and it is possible to automatically check deductions caused by destruction or removal of 
the storage means (CRD) or read / write means (705) in order to avoid charge deductions and, naturally, charge errors 
caused by a breakdown in the charge device. 

[0145] Claim 44 of the present invention is a charge processing device comprising: means (ANT g, 720 - 726) for 

5 detecting a ground position; storage means (CRD, 702) for storing credit information, charge areas, and charge tolls; 
charge processing means (702) for detecting whether a ground position detected by the ground position detecting 
means is within a charge processing area, and updating, in accordance with the charge toll, credit Information in the 
storage means in response to the traffic in a charge area; and communication means (702. AISfTt, 708, 706) for trans- 
mitting charge device state information including whether or not ground position detection by the ground position detect- 

10 ing means (ANTg, 720 - 726) is possible while in a charge area. 

[0146] Consequently, even if the road network inside the charge area is complicated, there is no need to provide 
tollbooths or vehicle transit determining devices on a plurality of routes within the area or at the entries and exits to the 
area, and neither there is any need for a large installation of a charge processing system fixed facility. The charge con- 
trol station collects the charge device state information transmitted by the communication means (702, A^JTt, 708, 706), 

75 and is able to know whether or not recognizing the position of the charge device by the ground position detecting means 
(Al>rrg, 720 - 726) is possible, and it is possible to automatteally check deductions caused by a halting in the operation 
or removal of the ground position detecting means (ANTg, 720 - 726) in order to avoid charge deductions and, naturally, 
charge errors caused by Irregularities In the ground position detecting means (ANTg, 720 - 726). 
[0147] Claim 45 of the present invention is a charge processing system comprising: a charge processing device 

20 (701 ) that includes storage means (CRD) for storing credit infomiation, read / write means (705) for reading credit Infor- 
mation from the storage means (CRD) and writing credit information to the storage means (CRD), entry detecting 
means (720 - 726, 702) for detecting an entry into a charge area, charge processing means (702) for updating, in 
accordance with the charge toll, credit information in the storage means (CRD) via the read / write means (705), in 
response to a traffic in the charge area, and first communication means (702, AIMTt, 708, 706) for receiving a data 

25 request and transmitting charge device state Information (card reader nonnal, card present) including whether or not 
reading and writing of cradit information in the storage means (CRD) is possible while in a charge area; and a control 
station (730) that includes second communication means (740, 731 , 733) for transmitting a data request to the charge 
processing device and receiving charge state information from the charge processing device, and retrieval means (733) 
for checking for en'oneous use of a charge processing device based on receh/ed data. 

30 [0148] Consequently, because the toll payment medium is the storage means (CRD), and the toil payment process- 
ing is performed by updating the credit Information, the toll payment is not a complicated matter. TTie control station 
(730) collects the charge device state Information transmitted by the first communication means (702, ANTt, 708, 706) 
of the charge device (701) via the second communication means (740m 731 , 733), and is able to know whether or not 
reading and writing by the storage means is possible (CRD), namely, whether or not charge processing is possible, and 

35 it is possible to automatically check deductions caused by destruction or removal of the storage means (CRD) or read 
/ write means (705) in order to avoid charge deductions and, naturally, charge en-ors caused t>y a breakdown in the 
charge devtee. 

[0149] Note that the control station (730) transmits a charge request to the charge processing device (701 ) via the 
second communication means (740, 731, 733), and the charge processing means (702) of the charge processing 
40 device (701) is able to update the credit information in the storage means (CRD) in accordance with the charge toll. The 
following should also be noted. 

[0150] It is possible for the charge device state information to include the ground position. 
[0151 ] It is possible for the charge device state information to include the time. 
[0152] It is possible for the charge device state information to Include the credit information. 
45 [0153] It is possible for the charge device state infomnation to include the distance traveled inside the charge area. 
[0154] It is possible for.the charge device state information to include the length of time stayed In the charge area. 
[0155] It is possible for the charge processing device to Include interruption Instruction means (IGsw) for intemjpt- 
ing the accumulation of the length of the time in a charge area (integral or fractional time) when the vehicie is not 
traveling. 

so [01 56] According to claim 1 of the present Invention, because the position of a vehicle detected by detecting means 
Is matched with map information, and a state of entry which Indrcates whetiner or not a vehk:le has entered into an area 
in which a charge is applied is decided, and charge information for the vehicle is generated in accordance with the state 
of entry, the effect is achieved that it is possible to perform charge processing for the user of a vehfcle using a simple 
structure simply by generating charge information for a vehicle In accordance with the entry state thereof, without hav- 

55 ing to install on-road devices in all the entry and exit locations such as entry and exit gates. 

[0157] According to claim 2 of the present invention, because location information indicating the date and time a 
vehicle was present inside a area in which a charge is applied is further detected, and an entry state that includes the 
state of tiie location of the vehicle inside the area in whk:h a charge is applied is decided, the effect is achieved that it 
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is possible to generate charge information for a vehicle that has only entered into the area In which a charge is applied 
when the charge was for the predetermined time or time period, the date or weel<, or combination of these. 
[0158] According to claim 3 of the present invention, because the state of entry is decided with the state of conges- 
tion caused by vehicles located within a area in which a charge Is applied included therein, the effect is achieved that it 
5 is possible to easily generate charge information for a vehicle in accordance with the state of congestion even when the 
toll differs depending on the state of congestion in the area in which a charge is applied. 

[0159] According to claim 4 of the present invention, because predetermined toll data corresponding to the state of 
entry is stored in advance in the storage means, the effect is achieved that simple and appropriate charge information 
is able to be generated. 

10 [0160] According to claim 7 of the present invention, because the processing state of the charge processing per- 
formed when a vehicle has entered a area in which a charge is applied, which is Icnown from the position of the vehicle 
detected by the detecting means, can be notified continuously within the area in which a charge is applied, the effect is 
achieved that the processing state can be confimned from an arbitrary position within the area in which a charge is 
applied without installing on-road devices at every lii^ely location of entry and exit such as entry and exit gates. 

75 [0161] According to claim 8 of the present invention, because a radiation means which radiates electromagnetic 
waves is used, the effect Is achieved that the manufacturing of the device is simplified. 

[0162] According to claim 9 of the present invention, because the notification means is fomned from a light source 
disposed on the detecting means, or on a number plate of a vehicle, the effect is achieved that it is possible for an 
observer or the like to visually confirm the processing state of the charge processing with ease, 
t 20 [0163] According to claim 1 0 of the present invention, because notification is made to a vehicle in a predetemiined 
operating pattern In which the notification state Is altered In the manner of a time series, the effect is achieved that it is 
possible to make it difficult for a third party to recognize the notification. 

[0164] According to claim 11 of the present invention, the outside of the vehicle is notified as to the processing state 
based on a received pattern signal, the effect Is achieved that it is possible to make it difficult for a third party to analyze 
25 or recognize the operating pattern. 

[0165] According to claim 12 of the present invention, because it is possible to forthe outside and inside of a vehicte 
to be notified as to the processing state, the effect is achieved that it is possible for an observer outside the vehicle and 
the driver of the vehicle to be notified as to the processing state. 

[0166] According to claim 13 of the present Invention, because it is possible for a notification from the notification 
30 means to be observed by observation means, the effect is achieved that it is possible to observe the processing state 
of the charge processing from outside the vehicle with ease. 

[0167] According to claims 14, 15 of the present invention, because, as the observation means, it is possible to 
observe a notification by detecting brightness, the effect Is achieved that, when a notification is made based on a vari- 
ation in the brightness, that notification state can be easily detected. 

35 [0168] According to claim 1 6 of the present invention, If an image pickup means is used, the effect Is achieved that 
it is possible to observe a notification by detecting at least brightness in synchronization with a predetermined observa- 
tion pattern that is altered in the manner of a time series, and it is possible to easily distinguish the processing state. 
[0169] According to claim 1 7 of the present invention, because a pattern signal indicating an observation pattern Is 
received, and a notification is observed by detecting at least brightness in synchronization with an observation pattern 

40 based on the pattern signal, the effect is achieved that it is possible to provide a degree of contidentiality to the obser- 
vation pattern, and to easily increase the reliability of the observation of the processing state of the charge processing 
from outside the vehk:le. 

[0170] According to the charge state observation device of claim 18 of the present Invention, because deciding 
means decides the processing state of the charge processing based on the result of an observation by the observation 
45 means, the effect is achieved that it is possible to observe the processing state of the charge processing from outside 
the vehicle with ease. 

[0171] According to claim 19 of the present invention, because the deciding means compares the state of a notifi- 
cation obtained by the observation means with a predetermined notification state, and decides the processing state of 
the charge processing based on the results of the comparison, the effect Is achieved that the distinguishing of the noti- 
50 fication state is simplified and it is possible to observe the processing state of the charge processing from outside the 
vehicle with ease. 

[0172] According to claim 22 of the present invention, because charge information for a vehicle in a area In which 
a charge is applied is generated by generating means from information on the position of the vehicle detected by the 
detecting means, and a charge history of the charge infonmation Is also generated, and these are transmitted to the 
55 ground by transmission means, the effect is achieved that it is possible on the ground to collect with ease a toll that 
should be charged to a vehicle that has entered or stayed in a area in which a charge is applied. 
[0173] According to claim 23 of the present invention, because the preparing means can be formed from generating 
means for generating charge information for each of a plurality of existing area in whtoh a charge is applied, and accu- 
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mulating means for accumulating in sequence the charge information as charge history, the effect is achieved that, even 
when a plurality of area In which a charge is applied are scattered around or are grouped together, by using the charge 
history of the charge infonmation of each area in which a charge is applied accumulated in the accumulating means, the 
entry into or stay of a vehicle in a plurality of area in which a charge is applied can be easily ascertained. 
5 [0174] According to claim 24 of the present invention, because it is possible to detect position information using sat- 
ellite signals from satellites, the effect is achieved that it is possible to pinpoint the position of a vehicle inside that same 
vehicle. 

[0175] According to claim 25 of the present invention, because map information is matched with position infomia- 
tion by matching means and a state of entry into a area in which a charge is applied in the map information is decided 
10 from the result of the matching, the effect is achieved that it is possible to match a vehicle with map information with 
ease and to decide a state of entry into a area in which a charge is applied with ease. 

[0176] According to claim 26 of the present invention, because, in response to a transmission request from the 
ground side, a charge history is transmitted from an In-vehicle communication means provided with transmitting means 
for transmitting a charge history in response to an input transmission request, the effect is achieved that a charge set- 
15 tiement can be processed from the charge history held in the vehicle in a processing area that is not limited to being 
inside an area in which a charge is applied. 

[0177] According to claim 27 of the present invention, because the amount of the charge settlement is altered in the 
on-road communication means based on the time until arriving in the processing area, the effect is achieved that it is 
possible to do away with the loss that is incurred until the actual toll collection depending on the length of time involved. 

20 [0178] According to daim 28 of the present invention, because the storage means is capable of being inserted and 
removed, the effect is achieved that when the area in which a charge is applied varies, it is possible to collect the proper 
toll that should be charged for the vehicle that has entered or stayed or the like in the area in which a charge is appiied- 
imply by altering the area in which a charge is applied that should be stored in the storage means. 
[01 79] According to claim 29 of the present invention, because a reading means is able to read the result of a detec- 

25 tlon by the detecting means and the area in which a charge is applied stored in the storage means in this way using a 
reading means, the effect is achieved that the charge infonnation can be easily generated. 

[0180] According to claim 31 of the present invention, because a charge processing card can be loaded in the in- 
vehicle device via the loading portion so that area in which a charge is applied can be read from the area storage por- 
tion and balance infonmation can be read from the balance storage portion, the effect is achieved that is possible to col- 
30 lect the proper toll that should be charged to a vehicle that has entered into or stayed in the area in which a charge is 
applied. 

[0161] According to daim 32 of the present invention, because notification control means generates position rela- 
tion information in a charge processing device that functions as a notification device for an area (charge area) 
expressed by area specifying information (charge area infonmation) of the storage means, and notification means 

35 reports this position relation infonmation as well as information (area and charge amount) indicating control infonnation 
within an area and area specifying infonmation of the storage means, a user of this charge processing device is easily 
able to be aware of the existence and position of a specific area as well as what type of area the area is by the time the 
user enters into the area represented by the area specifying information, and Is thus able to easily decide in good time 
whether to enter the area or to alter their route. 

40 [0182] According to claim 33 of the present Invention, because the notification control means generates position 
relation Information in a charge processing device for a charge area expressed by charge area specifying information 
(charge area information) of the storage means, and the notification means reports this position relation Information as 
well as information (charge area arid charge amount) indicating charge infonmation within an area and charge area 
specifying information of the storage means, a user of this charge processing device is easily able to be aware of the 

45 existence and position of a charge area as well as the charge amount by the time the user enters into the charge area. 
The user is thus able to easily dedde In good time whether to enter the charge area or to select a detour route. 
[0183] According to claim 34 of the present invention, because the notification control means generates position 
relation Information in a charge processing device for an area represented by area specifying information (charge area 
Information) of the storage means, and the notification means reports this position relation information, a user of this 

50 charge processing device is easily able to be aware of the existence and position of a specified area by the time the 
user enters into the area represented by the area specifying information, and is thus able to easily decide in good time 
whether to enter the charge area or to alter the route. 

[0184] According to daim 35 of the present invention, the notification control means generates position relation 
information In a charge processing device for a charge area represented by charge area spedfying information (charge 
55 area information) of the storage means, and the notification means reports this position relation infonmation as well as 
information (charge area and charge amount) indicating charge information within an area and charge area specifying 
information of the storage means, a user of this charge processing device is easily able to be aware of the existence 
and position of a charge area as well as the charge amount t>y the time tiie user enters into the charge area, and the 
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user is thus able to easily decide In good time whether to enter the charge area or to select a detour route. 
[0185] According to claim 36 of the present Invention, because the toll payment medium ts the storage means, and 
the toll payment processing is performed by updating the credit information, the toll payment is not a complicated mat- 
ter. Even if the road network inside the charge area is complicated, there is no need to provide toli booths or vehicle 
5 transit determining devices on a plurality of routes within the area or at the entries and exits to the area, and neither 
there is any need for a large installation of a charge processing system fixed facility. 

[0186] According to claim 37 of the present invention, because the toll payment medium is the storage means, and 
the toli payment processing is performed by updating the credit Infonmation, the toll payment is not a complicated mat- 
ter. Even if the road network inside the charge area is complk;ated, there Is no need to provide toll booths or vehicle 
10 transit determining devices on a plurality of routes within the area or at the entries and exits to the area, and neither 
there is any need for a large installation of a charge processing system fixed facility. 

[0187] In claim 38 of the present invention, because the charge processing device further comprises notification 
means for notifying a user about Information representing area specifying information and credit information, a user of 
the charge processing system can be made aware of the existence of a charge area before entering the area as well 

75 as of the credit information, simplifying the user's choice as to whether or not to enter the charge area. 

[0188] In claim 39 of the present invention, because the charge processing device further comprises: notification 
control means for generating approach information that a charge processing device is approaching an area represented 
by area specifying Information based on a ground position detected by the ground position detecting means and area 
specifying information of the storage means; and notification means for notifying a user about infonnation representing 

20 the approach information, the area specifying Information, and the credit Information, and because a notification is 
made to the effect that a vehicle Is approaching the charge area, a user is able to choose more reliably and with more 
leeway whether or not to enter the charge area. 

[0189] According to claim 40 of the present invention, because the transmitting means of the transmitting station 
transmits area specifying information of the public notification information storage means, and the communication 

25 means of the charge processing device receives the area specifying information which is then stored by the storage 
means, if the transmitting station alters the area specifying information of the public notification information storage 
means in order to alter the position and/or size of the area, the area specifying information of the charge processing 
device also automatically changes to altered information. The transmission of the area specifying information is simple 
and the altering of the information is also simple. Because it is possible to transmit area specifying information to all 

30 charge processing devices that might possibly enter the area from a single transmitting station covering the area and 
its environs, the installation of the system elements is comparatively simple and the reliability of the information notifi- 
cation is increased. 

[0190] Accordi ng to claim 41 of the present invention, because an interruption Instruction Is generated when the car 
is parked and the time lapse Is suspended, there is no charge forthe length of time that the vehicle is parked and, when 
35 the purpose is to charge for traveling on a road, a reasonable relationship Is created between use of the road network 
and the amount of the toli to be paid. 

[0191] In claim 42 of the present invention, because there is a charge processing system comprising: a charge 
processing device further provided with communication means receiving area specifying Information, wherein storage 
means stores received area specifying information; and a transmitting station that includes public notification informa- 
40 tion storage means for storing area specifying Information, and communication means for transmitting area specifying 
information of the public notification information storage means, the installation of the system elements is comparatively 
simple and the reliability of the information notification is Increased. 

[0192] According to claim 43 of the present invention, because the toll payment medium is the storage means, and 
the toll payment processing is performed by updating the credit Information, the toll payment is not a complicated mat- 
45 ter. The charge control station collects the charge device state information transmitted by the communication means, 
and Is able to know whether or not reading and writing by the storage means is possible, namely, whether or not charge 
processing is possible, and it is possible to automatically check deductions caused by destruction or removal of the stor- 
age means or read / write means in order to avoid charge deductions and, naturally, charge errors caused by a break- 
down in the charge device. 

50 [0193] According to claim 44 of the present invention, even if the road network inside the charge area is compli- 
cated, there is no need to provide toll booths or vehicle transit determining devices on a plurality of routes within the 
area or at the entries and exits to the area, and neither there is any need for a large installation of a charge processing 
system fixed facility. The charge control station collects the charge device state information transmitted by the commu- 
nication means, and Is able to know whether or not recognizing the position of the charge device by the ground position 

55 detecting means is possible, and it is possible to automatically check deductions caused by a halting in the operation 
or removal of the ground position detecting means in order to avoid charge deductions and, naturally, charge errors 
caused by a irregularities In the ground position detecting means. 

[0194] According to claim 45 of the present invention, because the toll payment medium is the storage means, and 
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the toll payment processing is performed by updating the credit information, the toll payment is not a complicated mat- 
ter. The control station collects the charge device state information transmitted by the first communication means of the 
charge device via the second communication means, and is able to know whether or not reading and writing by the stor- 
age means is possible, namely, whether or not charge processing is possible, and it is possible to automaticaity check 
5 deductions caused by destruction or removal of the storage means or read / write means In order to avoid charge 
deductions and, naturally, charge errors caused by a breakdown in the charge devtee. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 [0195] 

Fig. 1 is a block diagram showing the conceptual structure of an automatic charge system 10 according to an 
embodiment of the present invention. 

Rg. 2 is a block diagram showing the schematic structure of a general center established on the ground in the auto- 
IS matic charge system of the first embodiment 

Fig. 3 is a block diagram showing the schematic structure of an in-vehicle device in the automatic charge system 
of the first embodiment. 

Fig. 4 is a flow chart showing the flow of infonnation transmission processing executed In the general center in the 
first embodiment 

20 Rg. 5 is a flow chart showing the flow of processing to decide a area in which a charge is applied executed in the 
in-vehide device of the first embodiment 

Rg. 6 is a flow chart showing the flow of charge processing executed in the in-vehicle device of the first embodi- 
ment 

Rg. 7 is an image diagram showing a area in which a charge is applied. 
25 Rg. 8 is an explanatory diagram for explaining an example for determining a area in which a charge is applied. 
Rg. 9 is an image diagram showing an example of a charge applicable zone of the second embodiment 
Rg. 1 0 is a flow chart showing the flow of processing to decide a charge applicable zone executed in the in-vehicle 
device of the second embodiment 

Rg. 11 is a flow chart showing the flow of charge processing executed in the in-vehicle device of the second 
30 embodiment 

Rg. 12 is a flow chart showing the flow of information storage processing executed in the in-vehicle device of the 
third embodiment. 

Fig. 13 is a flow chart showing the flow of charge processing executed in the general center of the third embodi- 
ment 

35 Rg. 14 is a flow chart showing the flow of communteation processing of the in-vehicle device of the third embodi- 
ment 

Rg. 15 is a block diagram showing the conceptual structure of an automatic charge system according to the fourth 
embodiment of the present invention. 

Rg. 16 Is a block diagram showing the schematic structure of a relay devtee established on the ground in the auto- 
40 matIc charge system of the fourth embodiment of the present invention. 

Fig. 17 is a block diagram showing the schematic structure of an in-vehide device in the automatk: charge system 
of the fourth embodiment of the present invention. 

Figs. 1 8A and 1 8B are perspective views showing examples of the installation housing of a lamp used for observa- 
tion; Fig. 1 8A shows the front surface while Fig. 1 SB shows the rear surface. 
45 Rg. 19 is an image diagram showing a area in which a charge is applied. 

Fig. 20 is a flow chart showing the flow of charge processing executed In the in-vehicle device of the fourth embod- 
iment of the present invention. 

Rg. 21 is a flow chart of the showing the flow of the in-vehicle device operation processing. 
Rg. 22 is a flow chart showing the flow of charge area entry processing of the in-vehlcle devtee. 
so Rg. 23 is a line diagram showing an example of a normal pattern. 

Rg. 24 is a flow chart showing the flow of charge area entry processing in the on-ground installation. 
Rg. 25 is a flow chart showing the flow of ID inquiry processing of the in-vehicle device. 

Rg. 26 is a flow chart showing the fiow of ID inquiry processing (checkpoint processing) In the on-ground device. 
Rg. 27 Is a flow chart showing the flow of position inquiry processing in the in-vehicle device. 
55 Rg. 28 is a flow chart showing the flow of position inquiry processing in the on-ground device. 

Rg. 29 is a flow chart showing the flow of charge area departure processing in the in-vehicle device. 
Fig. 30 is a flow chart showing the fiow of charge area departure processing in the on-ground device. 
Rg. 31 is a perspective view showing another example of the installation housing of an observation lamp. 
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Rg. 32 is an explanatory view showing an example in which the observation lamp is instailed on a vehicle number 
plate outside the vehicle compartment 

Rg. 33 is an explanatory for explaining an observation lamp on a vehicle number plate. 
Rg. 34 is a flow chart showing the flow of violation detection processing in the on-ground installation. 
5 Rg. 35 is a block diagram showing the schematic structure of an observation device of the fifth embodiment. 

Rgs. 36A and 36B are line drawings showing an observation lamp. Rg. 36A shows a state where the lamp is on, 

while Rg. 36B shows a state where the lamp Is off. 

Rg. 37 is a flow chart showing the flow of observation device processing. 

Rgs. 38 A, 38B, 3dC, and 38D are line drawings showing an observation device display screen. Rg. 38A shows a 
10 display screen when the observation lamp is turned on in a normal pattern; Rg. 388 shows an example of a display 
screen when the observation lamp is turned on in a non-normal pattern; Rg. 38C shows another example of a dis- 
play screen when the observation lamp is turned on in a non-normal pattern; and Rg. 380 shows yet a further 
example of a display screen when the observation lamp is turned on In a non-no mnal pattern. 
Rg. 39 is a block diagram showing the schematic structure of a supporting device. 
75 Rg. 40 is an image diagram showing a area in which a charge is applied according to the sixth embodiment of the 
present invention. 

Rg. 41 is a flow chart showing the flow of charge processing executed in an In-vehicle device of the sixth embodi- 
ment of the present invention. 

Rg. 42 is an explanatory diagram for explaining the area of a checkpoint. 
20 Rg. 43 Is a flow chart showing the flow of processing to operate an In-vehicte devtee. 

Rg. 44 is a flow chart showing the flow of processing to operate a relay device. 

Rg. 45 is an image diagram showing separated area in which a charge is applied. 

Rg. 46 is an image diagram showing a area in which a charge is applied that can be altered and moved. 

Rg. 47 is a block diagram showing the schematic structure of an in-vehtcle device In an automatic charge system 
2S according to the seventh embodiment of the present invention. 

Rgs. 48A and 488 show examples of an IC card. Rg. 48A shows a magnetic storage type card having a magnetic 

storage area, while Fig. 488 shows an IC storage type card having an IC storage portion. 

Rgs. 49A, 498, and 49C are perspective views showing an example of the installation housing of an observation 
lamp. Rg. 49A shows the front surface, Rg. 498 shows the rear surfiace, and Rg. 49C shows a front surface formed 
30 from a plurality of tamps. 

Rg. 50 is an image diagram showing a area In which a charge is applied. 

Rg. 51 is a flow chart showing the flow of processing to operate the in- vehicle device. 

Rg. 52 is a is a block diagram showing an outline of the system structure according to the eighth embodiment of 
the present Invention- 
's Rg, 53 Is a block diagram showing the structure of the vehicle notiflcation device shown in Rg. 52. 
Rg. 54 Is a block diagram showing the structure of the notification station shown In Rg. 52. 
Rg. 55 is a flow chart showing a portion of the notification control operation of the notification control ECU shown 
in Rg. 53. 

Rg. 56 is a flow chart showing the remaining portions of the notification control operation of the notification control 
40 ECU shown in Rg. 53. 

Rg. 57 is a flow chart showing the operation of the public notification processing of the controller 32 shown in Rg. 
54. 

Rg. 58 is a plan view showing a charge area set in a road network. 

Rg. 59 is a flow chart showing a portion of the charge control operation of a charge control ECU of the ninth embod- 
45 Iment. 

Fig. 60 is a flow chart showing the remaining portion of the charge control operation of the charge control ECU. 

Rg. 61 Is a flow chart showing the operation of public notiflcation processing of a controller. 

Rg. 62 is a flow chart showing a portion of the charge control operation of a charge control ECU according to the 

tenth embodiment of the present invention. 
so Rg. 63 is a flow chart showing the remaining portion of the charge control operation of the charge control ECU 

according to the tenth embodiment of the present invention. 

Rg. 64 is a flow chart showing the contents of vehtele entry processing. 

Rg. 65 is a flow chart showing the contents of intemnediate processing. 

Rg. 66 is a flow chart showing the contents of vehicle exit processing^ 
55 Rg. 67 is a flow chart showing the contents of interrupt processing in response to wave signal reception of a charge 

control ECU. 

Fig. 68 is a flow chart showing the contents of interrupt processing In response to an incoming signal from a com- 
munication device or modem unit of the controller unit. 
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Fig. 69 is a flow chart showing the contents of repeatedly executed "fare collection and movement history collec- 
tion" of the controller unit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

[0196] The embodiments of the present invention will now be described In detail with reference made to the draw- 
ings. 

(Rrst Embodiment) 

10 

[0197] In the first embodiment the present invention is applied to an automatic charge system for performing 
charge processing automatically for a vehicle that has entered (I.e. driven into) a toll facility (i.e. an area in which a 
charge is applied) using road - vehicle intercommunication carried out between an in-vehicle device and an on-road 
device. Note that the automatic charge system used in the present embodiment is a system for settling a toll or the tike 

15 through communication between an in-vehicle device mounted in a vehicle and an on-road device installed on the road. 
[0198] Fig. 1 shows the concept of the structure of an automatic charge system 1 0 of the present embodiment The 
automatic charge system 1 0 of the present embodiment comprises: an In-vehicle device 30 mounted In a vehicle 32 and 
provided with a GPS antenna for receiving signals from GPS satellites 20,22. and 24, and a ground wave antenna for 
ground wave communication (described below in detail); and a general center 40 serving as an on-road device that is 

20 fixed on the ground and is provided with a GPS antenna 42 for receiving GPS signals from the GPS satellites 20, 22, 
and 24. The general center 40 also has a ground wave antenna 44 for ground wave communication. 
[0199] The in-vehicle device 30 detects the position of the vehicle 32 in which it is mounted using GPS signals from 
the GPS satellites 20, 22, and 24, and transmits this by ground wave communication to the general center. The general 
center 40 performs the charge processing (calculations) for the area in which a charge is applied based on the received 

25 position of the vehicle 32, and transmits the result thereof to the in-vehicle device 30. The In-vehicle device 30 perfomns 
toll PR based on the received result of the charge processing. Note that it is also possible for the toll PR to be perfomned 
at the general center, and only the result of the toll PR transmitted. 

[0200] As is shown in Rg. 2, the general center 40 established on the ground has a center control device 100. The 
center control device 100 is structured from a microcomputer comprising a CPU 102, RAM 104, ROM 106, and an input 

30 I output port (I/O) 1 08. Each of these is connected together by a bus 11 0 so that commands and data can be transferred 
between each. Note that a processing routine that is described below is stored in the ROM106. 
[0201] A GPS communication device 1 20 having a GPS antenna 42 is connected to the input / output port 1 08, as 
is a ground wave communication device 122 having a ground wave antenna 44. The GPS communication device 120 
is intended to detect its own position, namely, the position of the general center 40 using the GPS signals from the GPS 

35 satellites 20, 22, and 24. The ground wave communication device 122 is intended to exchange signals or to provide 
information by communicating with the in-vehicle device 30 mounted in the vehicle, and employs a wireless communi- 
cation device. Note that an example of this wireless communication device is an FM broadcast or an FM character 
broadcast, a known wave communication, and telephone circuit communication such as in a moving body communica- 
tion device. 

40 [0202] Memory 1 24 is also connected to the input / output port 1 08. This memory 1 24 includes a toll table 1 24A in 
which toll information representing tolls of the area in which a charge is applied is stored, a map database 124B In which 
map information for detennining the area in which a charge is applied is stored, and a user control database 124C 
which is connectable to the general center and in which individual information of the user to be controlled is stored. 
[0203] Note that, a floppy disk unit (FDU) 1 1 2 into which a floppy disk (referred to below as FD) can be inserted as 

45 a recording medium and also removed is connected to the center control device 1 00. Note also that the processing rou- 
tine described below is able to be written to or read from an FD using the FDU 112. Accordingly, it is also possible to 
record in advance the processing routine described below on an FD without storing it inside the center control device 
100, and to execute the processing program recorded on the FD via the FDU 112. Alternatively, It is also possible to 
connect an (unillustrated) large volume storage device such as a hard disk to the center control device 1 00, and to store 

50 (install) a processing program recorded on the FD on the (unillustrated) lair|e volume storage devtee and then execute 
the processing program. There are also optical disks such as CD-ROMs and the like, and magnetooptical disks such 
as MD, MO and the like as a recording medium, and if these are used, a CD-ROM device, an MD devk:e, an MO device 
or the like may be used Instead of or In conjunction with the above FDU. 

[0204] Next the in-vehicle device 30 wilt be described. The in-vehlcle device 30 used In the present embodiment is 
55 one in which the present invention has been applied to a navigation system for providing route assistance information 
using images and sound to a driver. The in-vehicle device 30 including a navigation system is mounted on the instru- 
ment panel of the vehicle 32 in order to exchange signals with the on-road device. 

[0205] As Is shown in Fig. 3, the in-vehk:le device 30 Including a navigation system of the present embodiment Is 
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provided wtth a device main body 200 formed from a microcomputer comprising a CPU 202, RAM 204, ROM 206, and 
an input / output (I/O) port 208 each of which is connected together by a bus 210 such that commands and data can be 
transferred between each. Note that the RAM 204 is backup RAM so that, even If the power supply thereto is cut, the 
contents of the infomiation stored therein are bacl<ed up (stoned). A floppy disk unit 236 (FD device) into which a floppy 
5 disic (FD) can be inserted and also removed is connected to the input / output port 208. Note that the processing routine 
described below and various image data are stored in the ROM 206. 

[0206] This various data and the processing routine described below are able to be written to or read from an FD 
using the FD device 236. Accordingly, it is also possible to record in advance the processing routine described below 
on an FD without storing It ROM 206, and to execute the processing program recorded on the floppy disk FD via the FD 

10 device 236. Alternatively, it is also possible to connect an (uniliustrated) large volume storage device such as a hard disk 
to the control main body 200, and to store (install) a processing program recorded on the floppy disk FD on the (unilius- 
trated) large volume storage device and then execute the processing program. There are also optical disks such as CD- 
ROMs and the like, and magnetoopticat disks such as MD, MO and the like as a recording medium, and if these are 
used, a CD-ROM device, an MD devk:e, an MO device or the like may be used instead of or in conjunction with the 

IS above FD device 236. 

[0207] Note that the in>vehicle device 30 including a navigation system of the present embodiment can be con- 
nected via an input / output port to (uniliustrated) a local area network for vehicle. 

[0208] A GPS device 220 for being mounted on a vehicle having a GPS antenna 220A mounted on the vehicle is 
connected to the input / output port 208, as Is a ground wave communication device 222 having a ground wave antenna 

20 222 A. The GPS device 220 for being mounted on a vehicle is intended to detect the position of the vehicle 32 in which 
it is mounted using GPS signals from the GPS satellites 20, 22, and 24. The ground wave communication device 222 
is intended to exchange signals or to provide information by communicating with the ground, and employs a wireless 
communication device. Note that an example of this wireless communication device Is an FM broadcast or an FM char- 
acter broadcast, a known wave communication, and telephone circuit communication such as in a moving body com- 

25 munlcatlon device. Accordingly, a communication device for a moving body such as a portable telephone or a car phone 
or the like may be used as the ground wave communication device 222, so that wireless communication (conversation 
via a telephone circuit) cart be made possible via the in-vehicle device 30 between the vehicle and a telephone device 
outside the vehicle. 

[0209] Memory 230 is also connected to the input / output port 208. This memory 230 includes a toll table 230A in 
3o which toll information representing tolls of the area In which a charge is applied is stored, and a map database 230B In 
which map Information for providing route assistance information with images to the driver is stored. 
[0210] Also connected to the above input / output port 208 are a display devtee 224 for providing route assistance 
information images to the driver, a speaker device comprising a sound device 228 prt3vided with a speaker 228A for pro- 
viding sound information to the driver, and an input device 226 such as a keyboard or switch device. The display device 
35 224 can display map Information. The sound device 228 converts either a digital or analog sound signal output from the 
device main body 1 2 into a drive signal for the speaker 228A. 

[0211] Note that the data arid the like to be stored in the above memory 230 may also be stored on a storage 
medium such as a floppy disk using the floppy disk device 236 or on a hard disk device. 

[0212] in addition to these, an IC card read / write device 234 capable of inserting and detaching an IC card on 
4o Which toll balance information and the like is stored is provided for the Input / output port 208. In the in-vehicle device 
30, an ID code comprising a vehicle number and the like as well as fixed data such as information on the vehicle model 
and the tike is stored in advance in the RAM 204 and ROM 206. The in-vehide device 30 refers to the toll balance infor- 
mation on the IC card 232 loaded into the IC card read / write device 234, and writes toll balance information on the IC 
card 232. As the IC card, prepaid card or credit card Is applied. 
45 [0213] Note that the mounting position (attachment position) of the in-vehicle device 30 is not limited to being on 
the vehicle instrument panel as described above, and it is sufficient if it Is in a position where it is able to exchange sig- 
nals with the ground using the antenna. For example, it may be mounted inside the vehicle at the rear seat or the like. 
Moreover, the in-vehicle device 30 may be formed with separate structures comprising an in-vehicle device main body 
and an antenna. If the in-vehide device is structured in this way with a separate in-vehicle device main body and 
so antenna, it is possible to install the antenna only on the instrument panel or at a position towards the rear seat or the 
like, as described above, and the position where the antenna has been mounted is registered as the mounting position 
information. 

[0214] Moreover, when the ignition Is on, power is supplied at all times from the vehicle battery to the in-vehicle 
device. It is also possible to enable the in-vehtoie devtee to acquire date and time information such as the year, month, 
55 date, as well as the current time from an uniliustrated clock built into the vehicle 32. 

[0215] Note that, In the above description, toll tables are stored In memory in both the in-vehicle device 30 and the 
general center 40, however, it is also possible for the toil tables to be stored in the device that performs the calculation 
of the toll to be charged or to be stored in another device when toll information is obtained by communication, namely, 



24 



EP 1 050 853 A1 



the toll tables may be stored in the memory of one of the in-vehtcle device 30 and the general center 40. 
[0216] The operation of the present embodiment will now be described. 

[0217] Firstly, the operation of the ground side, namely, of the general center will be described in detail. In the 
present embodiment, the general center 40 transmits information for charge processing to the in-vehide device 30 

5 mounted on a vehicle 32. 

[0218] As is shown in Rg. 4, in step 300, the general center 40 receives GPS signals from GPS satellites 20, 22, 
and 24. In the next step 302, the general center 40 determines its own reference position (a reference latitude and lon- 
gitude Po), and generates GPS comection information. When the size of an error In the GPS signals from the GPS sat- 
ellites 20, 22, and 24 is large, the GPS correction information is used to con^ the error. Because the general center 

10 40 is fixed in place, the GPS correction information is able to detect any variation in the GPS signals of the GPS satel- 
lites 20. 22, and 24. 

[0219] In the next step 304, Information of a predetemiined area in which a charge is applied (area in which a 
charge is applied) is read, and the GPS correction InfomDation is transmitted together with the area in which a charge 
is applied infomriation in the next step 306. This transmission can be performed by FM broadcast or by a telephone cir- 
15 cult. 

[0220] The area in which a charge is applied Information is set for a area in which a charge is applied (Area) formed 
from a plurality of predetermined areas. For example, areas might be formed between a city center area and the sub- 
urbs and these areas become smaller the closer they are to the city center area An example of area in which a charge 
is applied (Area) of this type is shown in Rg. 7. The ground Is divided into 7 areas. In the center portion is a circular area 

20 A. Next are areas B, C, D, and E, into which substantially donut shaped circle concentric around and acQacent to the 
outer periphery of the area A Is divided 4 areas. Next Is a substantially donut shaped circle F concentric around and 
adjacent to the outer periphery of the areas B, C, D, and E. Last is the area G which is an area other than the areas A, 
B, C, D, E, and F. These areas can be specified by their latitude and longitude as well as by their shape. 
[0221] As is shown In Rg. 8, the area A can be determined by forming a closed space by setting a plurality of posi- 

25 tlons on the boundaries of the area A with the areas B, C, D, and E, and setting a straight line passing through adjacent 
point positions. Specifically, If an position on a boundary line of the area A with the areas B, C, O, and E Is defined as 
A| (axi, ayi), then a straight line passing through the points A) and A|^i can be expressed using the following formula. 

(y-aYi)/(x-axi) = (aYu.i -ay|)/(axi+i -axi) (1) 

30 

[0222] Accordingly, it is sufficient if the area A fulfills the following conditions 

(y-aY|)/(x-axi) = (aYi+i - ay,)/ (ajQ^.^ - a^j) < 0 

35 wherein, 1=1 ~ (m-1) 

m: a number representing a point of the last position on the boundary line. 

[0223] Moreover, the area In which a charge is applied information is set for a area in which a charge is applied 
40 (Area) formed from a plurality of areas, however, It Is possible to set a different charge amount for each area. For exam- 
ple, it is possible to Increase the charge amount in accordance with the proximity to the city center, or to alter the charge 
amount in accordance with the number of times of use, or to alter the charge amount In accordance with the level of 

congestion, or to alter the charge amount in accordance with the length of time of use. In the description given below, 
these conditions for setting the charge amount are called calculation conditions for a charge (charge calculation condi- 
45 tlons). 

[0224] The first charge calculation condition Is the number of entries into an area shown In a table Indicating the 
toils for each area in Table 1 . 



Table 1 



Area 


Charge Amount 


A 


^00 /entry 


B 


¥100 /entry 


C 


¥1 00 /entry 


D 


¥100 /entry 
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Table 1 (continued) 



Area 


Charge Annount 


E 


¥100 /entry 


F 


¥10 /entry 


G 


¥0/ entry 



[0225] If the charge condition is set In this way, the charge amount Increases as the number of entries Into the oen- 
10 tral portion of the area in which a charge is applied increases. 

[0226] The second charge calculation condition is the length of time staying In an area shown in a table indicating 
the tolls for each area in table 2. 



Table 2 



Area 


Charge Amount 


A 


- ¥150 /entry 


B 


¥90 / entry 


C 


¥90 /entry 


D 


¥90 /entry 


E 


¥90 / entry 


F 


¥10 /entry 


G 


¥5 /entry 



[0227] If the charge condition is set in this way, the charge amount Increases as the length of time staying in central 

30 portion of the area in which a charge Is applied Increases. 

[0228] The third charge calculation condition is the level of congestion shown in a table indicating the tolls for each 
area, while the fourth charge calculation condition is the speed at which a vehicle traveled inside an area (alternatively, 
the average speed within the area) shown in a table indicating the tolls for each area, and the fifth charge calculation 
condition is the total distance traveled inside an area when traveling inside an area shown in a table indicating the tolls 

35 for each area. 

[0229] By including tables based on the above charge calculation conditions in the area in which a charge is applied 
information, it is possible to specify both the area and the toll for the area in which a charge is applied. 
[0230] Next the operation of the in-vehicle device 30 will be described. 

[0231] As is shown in Fig. 5, the following interrupt processing Is performed at predetermined times (every 1 minute 
4o in the present embodiment) in the in-vehicle device 30 mounted in a vehicle. In step 400, information is received from 
the ground side, namely, from the general center 40. As was described above, the information from the general center 
40 is area In which a charge is applied information and GPS correction information, and in step 402, a determination Is 
made as to whether or not the received information is the most recent infomnation. If the receh/ed information is the most 
recent information, the determination In step 402 is affirmative and, in the next step 404, the area in which a charge is 
45 applied (Area) is brought out and the GPS correction data Is stored. 

[0232] if, however, the received information is not the most recent information, the determination in step 402 Is neg- 
ative and, in the next step 406, GPS signals from the GPS satellites 20, 22, and 24 are received. In the next step 408, 
the current date and time (year, month, date, time) are read and, in step 410, the In-vehicle device's own position, 
namely, the position of the vehicle 32 (latitude and longitude P (t)) is determined. Note that the when determining the 
so latitude and longitude P (t), the stored GPS correction information can be used. 

[0233] In the next step 412. the determined latitude and longitude P (t) is matched with a map database stored in 
advance and, in the next step 414, the area to which the latitude and longitude P (t) belongs is decided. Next in step 
41 6, the latitude and longitude p (t), the tinie (t), and the area are stored as vehicle location history. In table 3 below, an 
example of a vehicle location history list is shown. 

55 
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Tables 



5 



10 



15 



Time t 


Latitude and Longitude P (t) 


Area A (t) 


Charge 


Year 


Month 


Date 


Hour 


Minute 


Longitude 


Latitude 






1997 


11 


05 


08 


13 


El 35-30-25 


N35-20-13 


G 


* 


1997 


11 


05 


08 


14 


E1 35-30-49 


N35-19-58 


G 


• 


1997 


11 


05 


08 


15 


El 35-30-55 


N35-19-32 


F 


* 


1997 


11 


05 


08 


16 


El 35-31 -01 


N35-19-25 


F 
















• • • 






1997 


11 


05 


11 


24 


El 35-39-25 


N35-16-18 


B 




1997 


11 


05 


11 


25 


El 35-39-50 


N35-15-25 


B 




• • • 


• • • 


• • • 


• • • 


. • • ♦ 


• • • 


• • • 


• • • 





20 [0234] Note that the "charge" column in the above table is for identification data representing whether or not the 
charge processing described below has been perfomned. The [«] symbol indicates that the charge processing has been 
perfomied. 

[0235] In this way, the area in which the vehicle 32 was present every predetermined time is stored together with 
the date and time as history. 

25 [0236] Next, the charge processing In the In-vehicle device 30 will be described. The charge processing is per- 
formed at predetemnined times. The predetermined times when the processing may be performed Include every hour, 
a predetermined day of every week, a predetermined date and time of every month, or a predetermined year, month, 
date, and time. Note that the execution of this charge processing may also be performed in response to an instruction 
from the general center 40. 

30 [0237] As is shown in Fig. 6, in step 420, by making a determination as to whether or not it is the above predeter- 
mined time or whether or not an Instruction has been given by the general center 40, it is possible to determine whether 
or not the conditions are matched. If the conditions do not match, the determination in step 420 is negative, and the rou- 
tine is ended. 

[0238] If, however, the conditions do match, the detemiination in step 420 is affirmative and, in the next step 422, 
35 the history Information is acquired. This history information Is the vehicle location history list (Table 3) stored in step 416 
in Rg. 5. In the next step 424, a calculation formula (charge calculation fbmnula) Is set The charge calculation formula 
is detenmined by the above calculation conditions. These calculation conditions are conditions for determining a charge 
amount (charge calculation conditions) and may be madee up of the number of entries Into an area, the length of time 
staying In an area, or the tike. The charge calculation formula is determined by the calculation conditions. In formula (2) 
40 below, a charge calculation formula is shown as a general formula considering areas. 

(charge amount) = f (N a. N g, N c. N N N p N q, N „. N N j. t) (2) 

wherein, 

45 

Na, Nb» Nc, N|> Ng, Np Nq: the evaluation of the areas A - G (I.e. the number of entries and length of stay for each 
area determined by the charge calculation conditions) 
Nh : the level of congestion 
N| : the speed (avemge speed) 
so Nj : the total distance traveled within the area 
t : the date and time 

[0239] In the next step 426, the charge is calculated using the calculation formula set above and the history infor- 
mation. When the charge calculation is ended, the routine proceeds to step 428 where the charge processing is per- 
55 formed. This charge processing is processing to subtract the charge amount determined above from the balance of the 
IC card 232. 

[0240] For example, when the calculation condition is only the number of entries into an area and the history infor- 
mation is from the start point STP to tiie end point EDP, as shown in Fig. 7, the charge amount Is found as shown below 
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for the two routes Ra and Rb. 

Ra charge amounts 300 x 1 + 100 x 1 + 100 x 0 -t- 100 x 1 100 xO-i- 10x1+0x1 = ¥510 
5 Rb charge amount = 300 x 0 + 100x0 4- 100x0 4-100 x 1 4-100 xOh- 10 x1+0x1=: ¥110 

[0241] Thus, a route that avoids the central portion has a cheaper charge amount. 

[0242] If the calculation condition is the only length of time staying in an area and the history information Is from the 
start point STP to the end point EDR as shown in Rg. 7, the charge amount Is found as shown below for the two routes 
w Ra and Rb. 

Ra charge amount = 150 x2 + 9bx4 + 90x04-90x24-90x0-i-10x24-5x2 = ¥870 
Rb charge amount =:150x04-g0x04-90x04-90x2-i-90x0-i-10x74-5x2 = ¥260 

75 

[0243] Thus, a route that avoids the central portion has a cheaper charge amount 
(Second Embodiment) 

20 [0244] Next, the second embodiment will be described. Note that, because the present embodiment has substan- 
tially the same structure as the above embodiment, the same descriptive symbols are used for the same portions smd 
a detailed description thereof is omitted. 

[0245] in the above embodiment a description was given of charge processing for a vehicle that has entered into a 
area in which a charge is applied, however, in some cases, a vehicle does not move after making an entry but is parked 

25 instead. In some cases, the toll on such a parked vehicle is increased. For example, it is necessary to increase the 
charge to a car that has parked in a no-parking zone. Moreover, if the toll on all vehicles is increased, because the 
increase is applied to vehicles that should not property have had the Increase applied to them, such as vehicles belong- 
ing to residents of the neighborhood, or vehicles in company car parks or independent fee system car parks, there 
needs to be some relief available in cases such as these. In the present embodiment, the toll is increased on parked 

30 vehicles and relief is given to vehteles whose toll should not be increased. 

[0246] In the present embodiment charge applteable zone information for charging a parking toll is set for a charge 
applicable zone formed from a plurality of predetermined zones. 

[0247] Rg. 9 shows an example of a charge applicable zone. This charge applicable zone is made up of a rank 1 
zone LI in the area in the vicinity of the intersection of the intersecting roads 51 and 53 (the area indicated by the diag- 

35 onal lines in Rg. 9), a rank 2 zone L2 in the areas around the roads 51 and 53 adjacent to the outer periphery of the 
zone LI , a rank 3 zone L3 in the area of the alley 54 that connects with the road 51 and Is also substantially parallel 
with the road 53, and a rank 3 zone L3 in the area of the alley 56 that connects with the road 53 and also connects with 
the alley 54 and Is also substantially parallel with the road 51 . Each of these zones can be specified by their latitude and 
longitude and also by their shape. 

40 [0248] A residential area 64 which Is a reserved zone removed from the charge application zone is located In the 
area surrounded by the roads 51 and 53 and the alleys 54 and 56. An area 64 of the parking lot of the OO building which 
is a reserved zone is located on the opposite side across the road 53 from the residential area 64. There is also an area 
62 of the parking lot of the XX department store which Is also a reserved zone which Is on the opposite side across the 
intersection from the residential area 64. The area 62 of the department store parking lot Implements a charge inde- 

45 pendentfy and is exempted from the charge applteation. Note that there are also additional publfc car parks, contract 
car parks, store car parks, leisure area car parks, and the like. Moreover, the area 64 of the OO building car paric and 
the residential area 64 are matched with a user ID and the parked vehicles can be specified in advance. In addition to 
these, there are residential car parks, office car parks, and the like. 

[0249] The charge applicable zone information is set for a charge applicable zone formed from a plurality of zones, 
so however, it is also possible to set a different charge amount for each zone. For example, it is possible to increase the 
charge amount in accordance with the volume of traffic. In the present embodiment, rthese conditions for setting the 
charge amount are called parking conditions for a charge. 

[0250] An example of the parking conditions Is the ranking shown In a table indicating the toll for each zone in Table 
4 below. 

55 
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Table 4 



5 



Rank 


Charge Amount 


Zone 


1 


¥500 / minute 


L1 


2 


¥1 00 / minute 


12 


3 


¥50 / minute 


L3 



10 

[0251] If the charge condition is set in this way, the charge amount increases as the number of times the vehicle 
partes in a high volume traffic zone increases. 

[0252] The oi^eration of the present embodiment will now be described. 

[0253] Firstly, the operation of the general center will be described in detail. The general center 40 transmits infor- 
ms matlon for charge processing to the in-vehlcie device 30 mounted on a vehicle 32. Note that, in the present embodi- 
ment, when the area in which a charge is applied information determined In advance in the above embodiments Is read 
(step 304 in Fig. 4), and the GPS correction information is transmitted together with this area in which a charge is 
applied information (step 306 in Rg. 4), the charge applicable zone information is used in addition to these. The rest of 
the structure is the same as in the above embodiment and a detailed description thereof is omitted. 
20 [0254] The operation of the in-vehicle device 30 will now be described. 

[0255] Because the processing is the same as far as the processing of step 414 in Fig. 5, a detailed description 
thereof is omitted. 

[0256] As is shown in Fig. 1 0, when it is decided to which area the current latitude and longitude P (t) belong (step 
414 of Rg. 5), then, In the next step 430, a determination is made as to whether or not the vehicle ignition switch is off. 

25 This determination is made because the definition of the vehicle 32 being pariced is assumed as being when the engine 
is stopped. When the ignition switch Is on, because it is possible for the vehicle to move, it is determined that the vehicle 
Is not parked and the detennination In step 430 is negative. The routine then proceeds to step 440 where the latitude 
and longitude P (t), the date and time t, and the area are stored as vehicle location history in the same way as In the 
above embodiment (step 416 of Rg. 5). 

30 [0257] If, however, the vehicle ignition switch is off, it is determined that the vehicle is parked, and the detemnination 
in step 430 Is affirmative. In the next step 432, the latitude and longitude P (t) determined above are matched with a 
map database that has already been stored in the lit>vehicle device, and to which zone the latitude and longitude P (t) 
belong is decided. In the next step 434, a determination is made as to whether or not a reserve zone is contained in the 
decided zone and whether or not the latitude and longitude P (t) are contained within the reserve zone, if the latitude 

35 and longitude P (t) are not contained within a reserve zone, there is no need to reserve the parking toil. Therefore, the 
determination in step 434 is negative and the routine proceeds to step 440 where together with the decided zone, the 
latitude and longitude P (t), the date and time t, and the area are stored as vehicle location history. Table 5 shows an 
example of a vehicle location history list. 

40 

Tables 



55 



Timet 


Latitude and Longitude P(t) 


Area A(t) 


Zone 


Charge 


Year 


Month 


Date 


Hour 


Minute 


Longitude 


Latitude 








1997 


11 


05 


08 


13 


El 35-30-25 


N35-20-13 


G 




* 


1997 


11 


05 


08 


14 


El 35-30-49 


N35-19-6B 


G 




« 


1997 


11 


05 


08 


15 


El 35-30-55 


N35-19-32 


F 


LI 


« 


1997 


11 


05 


OB 


16 


El 35-31 -01 


N35-19-25 


F 


LI 




• • * 






• « • 


• • • 












1997 


11 


05 


11 


24 


El 35-39-25 


N35-15-18 


B 


Reserve 




1997 


11 


05 


11 


25 


El 35-39-50 


N35-15-25 


8 


Reserve 




• • • 


• • • 


• • • 


• • • 


» • • 


• • • 











[0258] Note that the rank of the zone and the word 'reserve' (when the zone is reserved as described below) is 
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entered in the zone column in the above table. 

[0259] If. however, the latitude and longitude P (t) are included in a reserve zone, the detennination In step 434 is 
affirmative and, in the next step 436, a determination is made as to whether or not the ID of the vehicle 32 (or the user 
ID) is an ID intended for the reserve zone. If the ID of the vehicle 32 is not an ID Intended for the reserve zone, there is 

5 no>need to reserve the parking toll. Therefore, the determination in step 436 is negative and the routine proceeds to 
step 440 where the vehicle location history is stored in the same way as described above. If the ID of the vehicle 32 is 
an ID intended for the reserve zone, it is necessary to reserve the charge toll. Therefore, the determination in step 436 
is affimnative and, in the next step 438, the zone decided above (step 432) is altered to information Indicating a reserve 
zone and the routine proceeds to step 440 where the vehicle location history is stored In the same way as described 

10 above. 

[0260] As described above, the areas and zones where the vehicle 32 is located at predetermined times are stored 
as history together with the date and time. 

[0261] Next the charge processing in the in-vehlcle device 30 will be described. The charge processing is per- 
formed at predetermined times. The processing may be performed at predetermined times such as every hour, a pre- 
15 determined day of every week, a predetermined date and time of every month, or a predetennined year, month, date, 
and time. Note that the execution of this charge processing may also be performed in response to an instruction from 
the general center 40. Because the charge processing of the present embodiment Is substantially the same as the 
charge processing of Rg. 6, those portions that are the same are omitted. 

[0262] As is shown in Rg. 1 1 , a determination is made as to whether or not the conditions match (step 420) and if 
20 the conditions do not match, the current routine is ended. If the conditions do match, the history information is acquired 
(step 422). This history Infbnmatlon is the list of the vehicle location history (Table 5) including the zone stored in step 
440 of Rg. 10 above. Next the charge catoulatlon formula is set (step 424, formula (2)), and the toll for the area is cal- 
culated using the calculation formula and the history information (step 426). 

[0263] In the next step 450, a determination is made as to whether or not a rank of the same zone is continuously 
25 present for a predetermined time (5 minutes in the present embodiment) as history (i.e. continues In the manner of a 
time series). If a rank of the same zone is not continuously present as history, the determination in step 450 is negative 
and the routine proceeds to step 456 without the parking toll being calculated. In step 456, the charge is processed 
using only the toll obtained from the calculation formula for the area (step 428 of Rg. 6), in the same way as in the above 
embodiment. 

30 [0264] If, however, a rank of the same zone is continuously present as history, the determination in step 450 is 
affirmative and the routine proceeds to step 452 where the parking calculation fonnula is set. In the following formula 
(3), the parking calculation formula is shown as a general formula considering the area. 

(parking toll amount) = g (W ^ , W 3 W ^, t) (3) 

35 

wherein, Wi, W2, W3, , W^: an evaluation for the zones LI to Lz (z: maximum number of zones) 

(namely, a value that is a number existing continuously as history from which fSJ has been subtracted) 

[0265] Note that the reserve zones have been removed from this parking calculation formula. 

[0266] Moreover, the parking toll amount may also be altered in the above parking calculation formula in accord- 

40 ance with the level of congestion or In accordance with the date and time t. 

[0267] In the next step 454, the parking toll is calculated using the parking calculation formula set above and the 
values in the zone column of the history information. When the toll cak;ulation has ended, the routine proceeds to step 
456 where charge processing is performed for the parking toll and the entry toll into the area. This toll processing is 
processing to subtract the above determined charge amount from the balance of the IC card 232. 

45 [0268] in this way, it is possible, in the present embodiment, to charge a parking toil for each predetermined zone. 
Moreover, the parking toll is not increased for all vehicles and It Is possible to provide relief for vehicles whose toll should 
not be increased, such as the vehicles of residents, vehicles in company carparks, vehcles in Independent fee system 
car parks and the like, by reserving the increase for such vehicles. 

[0269] Note that, in the present embodiment, it is desirable that the user Is Informed by images and sound or the 
50 like, when the vehicle has entered a area in which a charge Is applied, when the vehicle is approaching a area in which 
a charge is applied, when the vehicle has entered a parking toll charge applicable zone, and when the vehicle is 
approaching a parking toll charge applk:able zone. By informing the user in this way, it is possible to prevent a charge 
being processed for the user without the user being aware of the fact. It is also preferable that the user is informed 
before or after the charge processing of the estimated charge amount or of the charged amount 

55 

(Third Embodiment) 

[0270] The third embodiment of the present invention will now be described. 



30 



BP 1 050 853 A1 



[0271] In the above embodiments, a description was given of when processing is perfomied in the in-vehicle 
device, however, in the present embodiment the charge processing is performed at the general center. Note that 
because the structure of the present embodiment is substantially the same as that of the above embodiments, the same 
portions are given the same descriptive symbols and a detailed description thereof is omitted. 
5 [0272] In the present embodiment, because the processing associated with charge processing is perfbnned at the 
general center, there is no need to generate area in which a charge is applied information in the in-vehicle device. 
Namely, the in-vehicle device is used for storing and transmitting the latitude and longitude P (t) and the date and time 
t as history information. 

[0273] As is shown in Rg. 12, the following interrupt processing is performed at predetermined times (every 1 
10 minute in the present embodiment) In the in-vehicle device 30. GPS signals are received from GPS satellites 20, 22, 
and 24 (step 406), the current date and time (year, month, date, and time) are read (step 408), and the position of the 
in-vehicle device, namely, the position (latitude and longitude P (t)) of the vehicle 32 is detemiined. Note that when 
determining this latitude and longitude P (t), it is also possible to acquire and use GPS correction infomnation from the 
general center. 

IS [0274] !n the next step 460, the date and time t and the latitude and longitude P (t) are stored as history information. 
Note that the information history con-esponds to the vehicle location history shown in Fig. 3 with the area and charge 
columns removed therefrom. 

[0275] The communication processing of the In-vehicle device 30 will now be described. 

[0276] As is shown in Fig. 14, the communication processing routine shown in Fig. 1 4 is executed at predetermined 
20 times in the in-vehicle device. In step 500, a determination Is made as to whether or not there has been an inquiry from 
the general center. If there has been an inquiry from the general center, the determination in step 500 is affirmative and, 
in the next step 502, the history information stored alx>ve is transmitted and the current routine is ended. When the his- 
tory information is transmitted, signal includes an ID code or the like which is an identification code that includes vehicle 
model information specifying this vehicle. 
25 [0277] If however, there has been no inquiry from the general center, the determination in step 500 is negative and, 
in the next step 504, a detenmination Is made as to whether or not there has been ^ charge information notification 
instruction (described below In detail) from the general center. If there has been a notification instruction, the determi- 
nation in step 504 is affirmative and, in the next step 606, notification is made of the charge information from the general 
center. 

30 [0278] The processing at the general center will now be described. 

[0279] As is shown in Rg. 13, in step 470, the general center 40 receives GPS signals from GPS satellites 20, 22, 
and 24 and determines the reference position of the general center 40 (a reference latitude and longitude Po). After 
GPS correction information has been generated, initial processing to read the area in which a charge is applied infor- 
mation is performed (steps 300 to 304 in Rg. 4). 

35 [0280] In the next step 472, an inquiry Is made to obtain a response from the in-vehicle device and a detemriination 
is made in the next step 474 as to whether or not the in-vehicle device 30 has responded. If there has been no 
response, the routine proceeds to step 492 where the inquiry is repeatedly performed until a predetermined time has 
passed. 

[0281] When the In-vehicle device 30 responds, the determination in step 474 is affirmative and, in step 476, a 
40 request is made to transmit history information including the ID code. The determination of step 478 is repeated until 
the history information including the ID code is transmitted by the in-vehicle device 30 and is received by the general 
center 40. Once this information is received, the routine proceeds to step 480. In step 480, each of the latitudes and 
longitudes P (t) included In the history information is matched with a map database stored In advance and, in the next 
step 482, the areas to which the latitudes and longitudes P (t) belong are determined. Next in step 484, the calculation 
45 formula (charge calculation formula) is set and the charge is calculated using the set calculation formula, in the same 
way as above. 

[0282] In the next step 486, a determination is made from the result of the calculation in step 484 as to whether or 
not there is a charge. If no charge is generated, the routine proceeds to step 492. If, however, a charge is generated, 
then, in the next step 488. the generated charge, namely, the toll Is transmitted to the In-vehicle device as charge infor- 
50 mation. By this action, an instruction is given to the in-vehicle device to notify the charge information, in the next step 
490, the toll is settled from an settled account such as a bank account or credit card or the like associated with the user 
of the vehicle determined by the ID code. 

[0283] Thus, in the present embodiment, because the area and the like are determined at the general center, it Is 
possible to reduce the cateulation load on the in-vehicle device. Moreover, because the in-vehicle device only has to 
55 transmit the position of its host vehicle, it is also possible to lighten the transmission load. 

[0284] Note that, in the above embodiments, when a card or bank account for which charge processing can be per- 
formed automatically is determined, because it is possible to make a notification before a toll is deducted from this toll 
deductible card or bank account, it is possible for the user to easily determine whether or not the card or bank account 
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they possess is able to be used for the payment of the charge of the car park for which a charge is applicable and is 
generated. 

{Fourth Embodiment) 

5 

[0285] In the present embodiment the present invention is applied to an automatic charge system for automatically 
performing charge processing for a vehicle that has entered (I.e. been driven Into) into atoll facility (i.e. a area in which 
a charge is applied). Note that the automatic charge system used in the present embodiment is a system for settling a 
toll charge (a driving toll) based on Infomnation transfer between an in-vehide device installed in a vehicle and an on- 
10 road device installed on the ground. Note also that the structure of the present embodiment is substantially the same 
as the structure and identical portions are given the same descriptive symbols and a detailed description thereof is 
omitted. 

[0286] The concept of the structure of the automatic charge system 1 0 of the present embodiment Is shown in Rg. 
15. The automatic charge system 1 0 of the present embodiment comprises: an in-vehicle device 30 mounted in a vefii- 

15 cle 32 and provided with a GPS antenna for receiving signals from GPS satellites 20, 22. and 24, and a ground wave 
antenna for ground wave communication (described below in detail); and a general center 40 serving as an on-road 
device that Is fixed on the ground and is provided with a GPS antenna 42 for receiving GPS signals from the GPS sat- 
ellites 20, 22, and 24. The general center 40 also has a ground wave antenna 44 for ground wave communication. 
[0287] Note that one or a plurality of relay devices 50 that wortc in cooperation with the general center 40 are 

20 included In the structure of the present embodiment A detailed description thereof is given below, however, in short, 
the relay device 50 is structured in substantially the same way as the general center 40 and governs various types of 
processing including charge related processing for the in-vehicle device 30. 

[0288] The in-vehicle device 30 detects the position of the host vehicle 32 using GPS signals from the GPS satel- 
lites 20, 22, and 24, and transmits this via ground wave communication to the general center. The general center 40 
25 performs the charge processing (calculations) for the area in which a charge is applied based on the received position 
of the vehicle 32, and transmits the result thereof to the in-vehicle device 30. The in-vehicle device 30 performs toll col- 
lection based on the received result of the charge processing. Note that it is also possible for the toll collection to be 
performed at the general center, and only the result of the toll collection transmitted. 

[0289] The general center 40 according to the present embodiment that is established on the ground has the same 
3o structure as tn the above embodiments and a description thereof is omitted (see Rg. 2). 

[0290] A description will next be given of a relay device 50. The relay device 50 has substantially the same structure 
as the general center 40, however, it has the function of an observation device for observing that the charge has been 
properly made. 

[0291] As is shown in Rg. 16, the relay device 50 has a relay control device 130. The relay control device 130 Is 
35 structured from a microcomputer comprising a CPU 1 32, RAM 1 34, ROM 1 36, and an input / output port (l/0)1 38. Each 
of these is connected together by a bus 1 40 so that commands and data can be transferred between each. Note that a 
processing routine that is described below is stored tn the ROM 136. 

[0292] A GPS communication device 1 50 having a GPS antenna 1 50A is connected to the input / output port 1 38, 
as is a ground wave communication device 152 having a ground wave antenna 152A. The GPS communication device 

4o 150 is intended to pinpoint its own position, namely, the position of the general center 40 using the GPS signals from 
the GPS satellites 20, 22. and 24. The ground wave communication device 152 is intended to exchange signals or to 
provide information by communicating with the in-vehicte device 30 mounted in the vehicle, and employs a wireless 
communication device. Note that an example of this wireless communication device is an HA broadcast or an FM char- 
acter broadcast, a known wave communication, and telephone circuit communication such as in a moving body com- 

45 munication device. 

[0293] A vehicle measuring device 1 54 provided with an image pickup device 1 54A. a vehicle number image pickup 
device 1 56 provided with an image pickup device 1 56A, and a lamp image pickup device provided with an image pickup 
device 158A are also connected to the input / output port 1 08, TV cameras or image processors or the like can be used 
for the image pickup devices 154A to 168A. 

50 [0294] Note that, a floppy disk unit (FDiJ) 142 Into which a floppy disk (referred to below as FD) can be inserted as 
a recording medium and also removed is connected to the relay control device 130. Note also that the processing rou- 
tine described below is able to be written to or read from an FD using the FDU 142. Accordingly, it is also possible to 
record in advance the processing routine described below on an FD without storing it Inside the relay control device 
130, and to execute the processing program recorded on the FD via the FDU 442. Altematively, it is also possible to 

55 connect an (unillustrated) large volume storage device such as a hard disk to the relay control device 1 30, and to stone 
(install) a processing program recorded on the FD on the (unillustrated) large volume storage device and then execute 
the processing program. There are also optical disks such as CD-ROMs and the like, and magnetooptlcal disks such 
as MD. MO and the like as a recording medium, and if these are used, a CD-ROM device, an MD device, an MO device 
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or the like may be used instead of or in conjunction with the above FDU. 

[0295] Next, the in-vehicle device 30 wiil be described. Note that the in-vehicle device 30 used In the present 
embodiment has a structure in which an observation lamp 227 is further connected to the in-vehicle device of the above 
embodiments (see Rg. 3). 

5 [0296] As is shown in Rg. 1 7, the observation lamp 227 is connected to the input / output port 208 of the in-vehicle 
device 30 of the present embodiment The observation lamp 227 is intended to notify the outside of the vehicle as to 
the charge processing state. 

[0297] As is shown In Rg. 1 8A, the observation lamp 227 is provided In a front surface portion 229A of a housing 
229 which can be positioned such that it is on the dashboard of a vehicle, and light from the observation tamp 227 is 
10 emitted towards the outside of the vehicle. By using this type of structure, it is a simple matter to confirm that the obser- 
vation lamp 227 is flashing from outside the vehicle. 

[0298] Note that by providing a display lamp that flashes In synchronization with the observation lamp 227 at a dif- 
ferent position to the observation lamp 227, for example, at a position opposite the observation lamp 227 (i.e. at the rear 
surface portion 229B of the housing 229), it is possible for the driver inside the vehicle to confirm the flashing of the 

IS observation lamp 227 by the flashing of the display lamp. For example, as is shown in Fig. 18B, it is possible to install 
a display panel 227S in the rear surface portion 229B of the housing 229 thus providing a structure in which it is an easy 
matter for the driver of the vehicle to confirm the current state of the charge processing. In this case, it is possible to 
display the following on the display panel 227S as the current state, namely, that the vehicle is approaching a area in 
which a charge is applied, a standard charge amount for the area in which a change is applied, the amount of the current 

20 charge processing, that charge processing has begun, that charge processing has ended, that charge processing has 
not been performed (I.e. that a violation has been committed), and the like. 
[0299] The operation of the present embodiment will now be described. 

[0300] Firstly, the operation of the on-ground device (in this case, the general center 40) will be described in detail 
In the present embodiment, the general center 40 is intended to perfomn the same processing as in Fig. 4, and transmits 

25 information for charge processing to an In-vehlcle device 30 mounted on a vehtele 32. 

[0301] The general center 40 receives GPS signals from GPS satellites 20, 22, and 24 (step 300 of Rg. 4). The 
general center 40 then determines its own, namely, the general center reference position (a reference latitude and lon- 
gitude Po), and genenates GPS correction information (step 302). Next predetermined area in which a charge is applied 
Information is read (step 304), and GPS correction information is transmitted together with area in which a charge Is 

30 applied infomiation by FM broadcast or telephone circuit or the like (step 306). 

[0302] As described above, the area in which a charge is applied information is set for a area in which a charge Is 
applied formed from a predetermined plurality of areas. An example of a structure is one in which the size of the areas 
between the city center and the suburbs becomes smaller the closer to the city center. An example of area in which a 
charge is applied according to the present embodiment is shown In Fig. 1 9. The ground is divided into three areas, 

35 namely, a circular central area A, a donut shaped area B that is substantially concentric Eu^und and adjacent to the 
outer periphery of tiie area A, and an area C outside tiie areas A and B. It is possible to specify these areas by latitude 
and longitude as well as by their shape. 

[0303] Moreover, the area in which a charge is appFied information is set for the area in which a charge is applied 
A formed from a plurality of areas, however, it is possible to set a different charge amount for each area. For example, 
40 it is possible to increase the charge amount in accordance with the proximity to the city center, or to alter the charge 
amount in accordance with the number of times of use, or to alter the charge amount in accordance with the level of 
congestion, or to alter the charge amount in accordance with the time of use. These are determined by the charge cal- 
culation conditions. 

[0304] The charge calculation conditions have been described in the above embodiments and a detailed descrip- 
45 tion thereof is omitted, however, the flrst charge calculation condition is the number of entries into an area, shown In the 
table Indicating the tolls for each area. The second charge calculation condition is the length of stay in an area, shown 
in the table indicating the tolls for each area. The third condition is the level of congestion in the area, shown in the table 
indicating the tolls for each area. The fourth condition is speed when traveling inside an area (or, alternatively, the aver- 
age speed inside an area), shown in the table indicating the tolls for each area. The fifth condition is total area travel 
50 distance traveled inside an area, shown in the table indicating the tolls for each area. 

[0305] By including these tables based on the charge calculation conditions In the area In which a charge is applied 
information, it is possible to specify the area in which a charge is applied and the toll for that area. 
[0306] Note that, in the present embodiment, the area A is set as the area in which a charge is applied (the charge 
area), and the area B sun-ounding the area A is set as an area for canceling out any error of the area In which a charge 
55 is applied (a buffer area). The reason for this is to counter any errors caused by the GPS system when the position of 
the vehicle is detected using a GPS system. The area C outside the areas A and B is outside area in whk:h a charge is 
applied. 

[0307] Next, the operation of the in-vehlcle device 30 will be described. In the present embodiment, the in-vehicle 
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device 30 is Intended to perfomn identical to that in Fig. 5. 

[0308] Namely, information is received from the ground, I.e. the general center 40 (or relay d vice 50) at predeter- 
mined times (for example every one minute) by the in-vehicle device 30 mounted on the vehicle (step 400). A detemni- 
nation is then made as to whether or not the received infomiatlon is the latest information (step 402) and, If the received 

5 infonnation is the latest information (if the detemnination in step 402 is affirmative), the area in which a charge is applied 
is led out while the GPS correction information is stored (step 404). If, however the received information is not the latest 
infomnation (i.e. the determination in step 402 is negative), GPS signals from the GPS satellites 20, 22, and 24 are 
received (step 406), the current date and time (year, month, date, and time) are read, and the current position (latitude 
and longitude P (t)) of the in-vehicle device, namely of the host vehicle thereof, is determined (step 410). The deter- 

10 mined latitude and longitude P (t) are then matched with a map database stored in advance (step 412), the area to 
which the latitude and longitude P (t) belong are then decided (step 414), and the latitude and longitude P (t), the date 
and time t, and the area are then stored as vehicle location history (step 41 6). As a result, the area in which the vehicle 
32 is present at predetermined times is stored with a date and time as history. 

[0309] The charge processing in the in-vehicle device 30 will next be described. This charge processing is per- 
15 formed at predetermined limes. The processing may be performed at predetermined times such as every hour, a pre- 
determined day of every week, a predetermined date and time of every month, or a predetermined year, month, date, 
and time. Note that, in the present embodiment, the execution of the charge processing may also be perfonned In 
response to an instruction from the general center 40 (or relay device 50), instead of at a predetermined time. 
[0310] As is shown in Fig. 20, in step 420, at a predetermined date and time, or, by making a determination as to 
20 whether or not there has been an Instruction from the general center 40 (or relay device 50), a detemnination is made 
as to whether or not the conditions match. If the conditions do not match, the determination in step 420 is negative and 
the current routine is ended. 

[0311] If, however, the conditions do match, the determination in step .420 is affimiatlve and, in step 422, the history 
information is acquired. This history information is the list of the vehicle location history stored in step 416 of Fig. 8 
25 above. In the next step 424, the calculation formula (charge calculation formula) is set. The cateulation formula is deter- 
mined by the above calculation conditions. These calculation conditions are conditions for determining the charge 
amount (charge calculation conditions) and comprise the number of entries into an area, the time of length of stay in an 
area or the like. The charge calculation formula is determined by the calculation conditions. In formula (4) below, a 
charge cateulation fonnula is shown as a general formula considering an area. 

30 

(charge amount) = f (N a, N h, N N j, t) (4) 

wherein, 

35 Na : the evaluation of the area (i.e. the number of entries and the time of length of stay for each area detemnlned 

by the charge cateulation conditions) note that the area may comprise a plurality of areas 

Nh : the level of congestion 

N[ : the speed (average speed) 

Nj : the total distance traveled within the area 
4o T : the date and time 

[0312] In the next step 426, the charge is calculated using the calculation formula set above and the history infor- 
mation. When the charge calculation is ended, the routine proceeds to step 427A where a detennination is made as to 
whether or not an IC card 232, on which toll balance infomnation and the like is stored, is loaded in a card read / write 

45 devkse 234. When there is no IC card 232 loaded in the IC card read / write devkse 234, tiie charge processing cannot 
be accomplished, therefore, the determination in step 427A Is negative. The routine then proceeds to step 427B where 
the charge calculated above is stored in memory. Because it Is possible that previous unpaid tolls are included therein, 
the storing of the toll is a cumulative processing. If, however, an IC card 232 is loaded in the IC card read / write device 
234, the charge processing can be accomplished. Therefore, the determination in step 427A is affirmative and the 

so charge processing in step 428 is earned out. This charge processing is a processing to subtract the above determined 
charge from the balance of the IC card 232. 

[0313] Next, the operation of the ground installation and the In-vehicle device while the vehicle is running is 
described further. Note that the description below is of when the toll varies in accordance with the number of times the 
vehteie enters into the area in which a charge is applied. Furttiemiore, the vehicle is taken as traveling along a route Rt 
55 from a start point STP to an end point EDP In the area comprising the areas A to C in Rg. 1 9. 

[031 4] Note that, in the present embodiment, a relay devbe 50 is installed in an area, in which a vehicle traveling in 
the vicinity of a midway point PS3 on the route Rt in Rg. 19 can be photographed, as a checkpoint CP. The description 
given below is of when the operation of the ground Installation is performed by the relay device 50. 
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[031 5] As is shown in Fig. 21 , when power is on for the in-vehide device, the routine proceeds to step 501 where a 
determination is nnade as to the area in which the vehicle is currently located. In this step 501 , the above described area 
determination processing Is performed (see Fig. 5). In the next step 503, a determination is made as to whether or not 
the area detemriined in step 501 is a area in which a charge is applied. When it is a area in which a charge is applied, 

5 the determination in step 503 is affirmative and, in the next step 505, a detennination is made as to whether or not the 
previous area (the area determined at the previous time this routine was executed) was a area in which a charge is 
applied. If the previous area was not a area in which a charge Is applied, the current Instance Is the first time the vehble 
has entered a area in which a charge Is applied, therefore, the determination in step 505 is negative. In the next step 
506, as is described below, charge area entry processing is executed and the routine proceeds to step 516. If, however, 

70 the previous area was a area in which a charge is applied, the determination in step 505 is affirmative and the routine 
proceeds, without any change, to step 516. 

[0316] If the cunrent area Is not a area in which a charge is applied and the determination In step 503 is negative, 
the routine proceeds to step 508 where a determination Is made as to whether or not the distance to the area In which 
a charge Is applied is equal to or less than a predetermined distance which enables a determination to be made as to 

75 whether or not the vehicle Is approaching the area In which a charge Is applied. If the distance to the area in which a 
charge is applied is equal to or less than a predetermined distance, the determination in step 508 is affirmative and, in 
the next step 51 4. information indicating that the vehicle is approaching the area in which a charge is applied is provided 
by images and sound, and the routine returns to step 501 , For example, it is possible for a fixed time to display informa- 
tion such as "approaching area in which a charge is applied" on the display panel 227S (see Rg. 18B), or to provide 

20 this vocally from the sound device 228, or to display it on the display of the navigation system via the display device 224. 
[031 7] If the determination in step 508 is negative, the routine advances to step 5 1 0 where a determination is made 
as to whether or not the previous area was a area in which a charge Is applied. If the previous area was not a area In 
which a charge is applied, the routine returns to step 501. If, however, the previous area was a area in which a charge 
is applied, then currently, the vehicle has departed from a area in which a charge is applied and the determination in 

2S step 51 0 Is affirmative, in the next step 512, as described below, ttie charge area departure processing is executed and 
the routine proceeds to step 51 6. 

[031 8] Accordingly, at the point PS1 partway on the route Rt in Rg 1 9, the information that the vehicle is approach- 
ing a area in which a charge is applied is provided. At the partway point PS2, the charge area entry processing for when 
a vehicle first enters a area in which a charge is applied is performed. At the partway points PS3 and PS4, because the 
30 previous area was a area in which a charge is applied, the routine proceeds to the next step without any change. At the 
partway point PS5, charge area departure processing for when a vehicle departs from a area in which a charge is 
applied is performed. 

[0319] In step 516, a determination is made as to whether or not an IC card 232 is loaded into the IC card read / 
write device 234. If there is no IC card 232 loaded in the IC card read / write device 234. the charge processing cannot 

35 be accomplished. Therefore, the detennination in step 516 is negative, and the routine proceeds to step 51 8 where a 
violation is displayed. This violation display is performed by flashing the observation lamp 227 on and off in a predeter- 
mined violation pattern (for example, at a timing where the lamp is turned on for a fixed time and then off for a fixed time 
repeatedly). If, however, an !C card 232 is loaded in the IC card read / write device 234, it is possible to accomplish the 
charge processing. Therefore, tiiere is no violation display, the determination in step 516 is affirmative, and the routine 

40 proceeds without any change to step 520. Note that a pattern stored in advance in-vehicle device may be used for the 
violation pattern, or a pattern received from the ground side may be used for the violation pattern. 
[0320] in step 520, a determination is made as to whether or not there has been an inquiry from the ground side 
about fixed data such as the ID, namely, the ID code made up of the vehicle number and the like and the vehicle model 
information and the like, if this determination is afflmriative, then, In the next step 522, the ID inquiry processing 

45 (described below in detail) is executed and the routine then proceeds to step 524. If the determination is negative, the 
routine proceeds without any change to step 524. In step 524, a determination Is made as to whether or not there has 
been an inquiry from the ground side about the position of the vehicle. If this determination is affirmative, then, in the 
next step 526, position inquiry processing (described below in detail) is executed and the routine proceeds to step 528. 
If tiie determination is negative, the routine proceeds without any change to step 528. 

so [0321] In the next step 528, a detemnlnation is made as to whether or not the power supply to the vehicle has been 
cut. If power is being supplied, the determination In step 528 is negative, and tiie routine returns to step 500. If, however, 
the power supply has been cut, the determination in step 528 is affirmative and, in the next step 530, the current status 
is stored and then the present routine is ended. In the storing of the current status In step 530, at the least, whether or 
not a violation was displayed in the above processing is stored. 

55 [0322] Note that when the observation lamp 227 is flashing in a violation pattern, it continues to flash until the power 
supply to the tn-vehicle device is cut off. In addition, even if the power supply is cut off, because that state is stored, It 
is possible to confirm whether or not the violation state existed previously. 

[0323] Next, a detailed description will be given of the charge area entry processing of the above step 506. This 
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charge area entry processing is processing perfomned when a vehicle has entered a area in which a charge is applied. 
For example, at the point PS2 partway along the route Rt (Rg. 19), a vehicle will have entered the area in which a 
charge is applied for the first time, therefore the charge area entry processing of Rg. 22 is executed. 
[0324] Rrstly, in step 532, notification is made that the vehicle has entered a area In which a charge is applied by 
5 transmitting the ID code and cun^ent position. Note that, it is also possible to add entry information indicating that the 
vehicle has entered a area in which a charge is applied to the transmission of the ID code and cun-ent position. Because 
it is possible to determine that a vehicle has entered into a area in which a charge is applied from the current position 
and the previous position of the vehicle, therefore, it is also possible to make the detemnination on the ground side using 
the history information. 

10 [0325] In the next step 534, a determination as to the receipt of an authorization result is repeated until a result of 
the authorization of the entry Is received. When an authorization result is received, then, in the next step 536, a deter- 
mination Is made from the received authorization result as to whether or not the host vehicle is authorized as a normal 
vehicle. Note that, In this step 534, the infomriation below Is received from the ground side. When the result of the 
authorization is that the vehicle is a normal vehicle, the latest charge table and the first normal pattern, which is a flash- 

15 ing pattern of the observation lamp 227 indicating that the vehicle is a normal vehicle, are received (are transmitted from 
the ground side). When the result of the authorization Is that the vehicle Is In violation, information for performing a vio- 
lation notification is received. 

[0326] The first nonnal pattern is intended to allow confirmation from outside a vehicle that the host vehicle is a nor- 
mal vehicle for which a charge can be processed. Therefore, the first normal pattern is a pattern for being flashed at the 

20 observation lamp 227 at a predate rrnlned timing (for example a timing where the lamp is turned on and off repeatedly 
for predetermined time lengths). For example, as is shown in Rg. 23, a pattem is set that includes two pulses of pulse 
width t, with 6t set as one cycle in which the lamp is turned on for one time t, off for one time t, on for one time t, and off 
for 3 times t If this pattem is used, it Is possible to confimi the cyclic flashing from outside the vehicle, and confinm that 
the vehicle is a normal vehicle. 

25 [0327] When an authorization result that the in-vehlcle device is not in a normal vehicle is received, the determina- 
tion In step 536 is negative and the routine proceeds to step 542 where violation processing Is performed. This violation 
processing Is intended to allow confinnation from outside a vehicle that the vehicle is in violation, and Is performed by 
flashing the observation lamp 227 on and off in a predetermined violation pattern that is different from the above first 
normal pattern (for example, by repeatedly turning on and off the lamp for a time t, namely, continuously flashing). 

30 [0328] If, however, result of the received authorization is that the vehicle Is a nonnal vehicle, then the determination 
In step 536 is affirmative and. In the next step 538, a determination is made as to whether or not the IC card 232 Is 
loaded In the IC card read / write device 234. If the IC card 232 is not loaded, the charge processing cannot be per- 
formed. Therefore, the routine proceeds to step 542 where violation processing is perfonned. If, however, the IC card 
232 is loaded, the charge processing can be accomplished. Therefore, the determination In step 538 is afflnmative and 

35 the routine proceeds, as it is, to step 540 where nonnal processing is performed without performing the violation 
processing. This nonnal processing Is intended to allow confirmation from outside the vehicle that the IC card 232 Is 
loaded and the vehicle is a normal vehicle capable of undergoing charge processing, and is perfomned by flashing the 
observation lamp 227 on and off in the first nonnal pattem. 

[0329] Next, the processing on the ground side corresponding to charge area entry processing in the in-vehlcle 

40 device will be described. 

[0330] As is shown in Rg. 24, in step 600, repeated attempts are made to receive from the ground a notification (ID 
code and vehicle position) Including an ID, namely, an ID code comprising the vehicle number and the like until this noti- 
fication is received. The vehicle position in this notification Includes at least the cun^ent vehicle position and may also 
Include the vehtole location history which comprises the positions of the vehicle up until the current position. When this 

45 notification is received from tiie in-vehlcle device, the routine proceeds to step 602, where the received ID code and 
vehicle position are used to check the ID code and the behavior of vehtele. A determination is made as to whether or 
not the ID code and the behavior of the vehicle are nomial. Note that the checking of the ID code can be perfomned by 
refen-ing to the recorded ID code if a normal ID code is recorded. The checking of the vehicle behavior can be per- 
formed by matching the recieved vehicle positions with a map or the like and then determining whether or not that posi- 

50 tion Is an appropriate position. 

[0331] When the ID code and the like are normal, the determination in step 602 is affirmative and, In the next step 
604, the vehicle is authorized as a nonnal vehicle. When the ID code and the like are not normal, the detennination in 
step 602 is negative and the routine proceeds to step 606, the authorization is that the vehicle is in violation. In the next 
step 608, tine authorization result for the vehicle which is authorized in step 604 or step 606 is transmitted to the vehicle 

55 (i.e. to the in-vehk;le device). 

[0332] In this way, because the obsen/ation lamp 227 is fiashed In either a first normal pattem or in a violation pat- 
tern in accordance with the authorization result fi^om the ground side indk:ating whether or not a vehtele Is a normal 
vehicle, it is a simple nnatter to confimi from outside the vehbte whether tiie vehicle is a normal vehicle for which charge 
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processing can be accomplished or a vehicle that is in violation for which charge processing cannot be acconnplished. 
[0333] Next, the ID inquiry processing of step 522 will be described in detail This ID inquiry processing is carried 
out when a vehicle is within a checkpoint. For example, the processing of Fig. 25 is perfonned at the point PS3 partway 
on the route Rt (see Frg. 19) which is within the checkpoint. 
5 [0334] Firstly, in step 544, information relating to the ID code is notified by transmitting fixed data such as the ID 
code and the vehicle model information. Note that it is also possible to include infonmatlon indicating whether the IC 
card is loaded or is not loaded. 

[0335] Next, when an authorization result is received for the above notification (I.e. the determination in step 466 Is 
affirmative), a determination is made from the received authorization result as to whether or not the host vehide has 
10 been authorized as a normal vehicle (step 548). If the host vehicle has been authorized as a nomnai vehicle, the present 
routine ends atthat point with no further change. If, however, the host vehicle is not authorized as a norma! vehicle, vio- 
lation-processing is performed to cause the observation lamp 227 to flash on and off in a predetermined violation pat- 
tern (step 550). 

[0336] Next the processing of the ground side, namely, of the relay device 50 in response to the ID inquiry process- 

15 ing of the in-vehlcle devk:e will be described. 

[0337] As is shown in Rg. 26, in step 610 repeated processing is perfomned until notification is received from the 
in-vehicle device. This notification includes information made up of the ID code, the vehicle model, and the existence or 
otherwise of an IC card. When the notification is received from the In-vehicle device, the routine proceeds to step 612 
where a determination is made as to whether or not the received notification is normal. This determination is performed 

20 using all of the ID code, the vehicle model, and the existence or othenA/ise of an IC card in the received notification as 
well as a determination as to whether or not the ID code and the vehicle behavior are normal. 

[0338] When the notification (The ID code and the like) is normal, the determination in step 612 is affirmative and, 
in the next step 614, vehicle model measurement processing is performed. In this vehicle model measurement process- 
ing, the size and height of the vehicle as well as the existence or otherwise of traction is determined using Image pickup 

25 information picked up by the Image pfekup device 154A of the vehicle measuring devfce 154. In the next step 616, a 
determination is made as to whether or not the vehicle model measured in step 614 matches the vehicle model In the 
notification received in step 610. If the models do not match, the determination is negative, and the routine proceeds to 
step 620. If the models do match, the determination is affirmative and the routine proceeds to step 618. Next, in step 
618, the vehicle for which the notification Is received is authorized to be a nomnai vehicle. If, however, the notification Is 

30 not normal, or if the vehicle models do not match, the determination in step 612 is negative and, in the next step 620, 
the vehicle is authorized as being in violation. In the next step 622, the vehicle number is photographed and then the 
routine proceeds to step 624. In step 624, the authorization result of the vehicle authorized in step 61 8 or step 620 is 
transmitted to the vehtole (I.e. to the in-vehicle device). 

[0339] In this way, because the observation lamp 227 is flashed on and off in either a first normal pattern or in a 

35 violation pattern In accordance with an authorization result from the ground indicating whether or not a vehicle is a nor- 
mal vehicle, it Is easy to confirm from outside the vehicle whether the vehicle Is a normal vehtele or is in violation. 
[0340] Next the position inquiry processing of the above step 526 will be described in detail. This position inquiry 
processing is processing to Inquire as to the position In which a vehicle is located to the vehicle. For example, at the 
point PS4 partway along the route Rt In Fig. 19, a vehicle is inside a area in which a charge is applied. Therefore, in 

40 order to carry out the charge processing, it is necessary to be able to confirm that the position of the vehicle is within 
the area in which a charge is applied. Therefore, the position inquiry processing shown in Fig. 27 Is performed. 
[0341] Firstly, in step 552, a notification is made as to the ID code and current position. Next in step 564, a deter- 
mination as to the receipt of the authorization result is repeated until the authorization result is received. When the 
authorization result has been received, then, in the next step 556, a detemninatlon Is made from the received authori- 

45 zation result as to whether or not the host vehicle is a normal vehicle. Note that in the step 554, the information below 
is received from the ground side. When the result of the authorization is that the vehicle is a normal vehicle, the latest 
charge table as well as a second normal pattern which is a flashing pattern for the observation 227 indicating the fact 
that the vehicle is a normal vehicle are received (i.e. are transmitted from the ground side). Moreover, when tiie author- 
ization result is that the vehicle is in violation, information for performing the violation notification is received. 

50 [0342] When an authorization result to the effect that the vehicle is not a normal vehicle is received, the determina- 
tion in step 556 is negative and the routine proceeds to step 560 where violation processing is performed. This violation 
processing is carried out by flashing the observation lamp on and off in a predetermined violation pattern (for example, 
by repeatedly turning the lamp on for a predetemnined time and then off for a predetermined time) in order to allow con- 
firmation outside the vehicle, In the same way as described above, that the host vehicle is in violation. 

55 [0343] If, however, an authorization result is received to the effect that the vehicle is a normal vehicle, the determi- 
nation in step 556 is affirmative and. in the next step 558, normal processing is carried out This nomial processing is 
processing to turn on the observation lamp 227 so as to switch it to a second normal pattem lndk:ating that the vehicle 
is a normal vehicle, and so that it can be confimied from outside the vehicle that the charge processing is being canied 
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out 

[0344] Next, the processing on the ground In reisponse to the position inquiry processing of the in-vehide device will 
be described. 

[0345] As is shown in Rg» 28, in step 626, a determination Is repeatediy performed until a notification (ID code and 

5 vehicle position) including an ID code comprising an ID, i.e. the vehicle number and the like, is received from the ground 
side. The vehicle position in this notification is at least the current position of the vehicle and may include the vehicle 
location history up until the current position. Once the notification is received from the in-vehicle device, the routine pro- 
ceeds to step 628 where, using the received vehicle position, the behavior of the vehicle is checked and a determination 
is also made as to whether or not the behavior of the vehicle is normal. 

10 [0346] When the behavior of the vehtele is nomnal, the determination in step 628 is affirmative and. In the next step 
630, the vehicle Is authorized as a normal vehicle. If the behavior of the vehicle is not nomnal, the determination in step 
628 is negative and, in the next step 632. the vehicle Is authorized as being in violation. In the next step 634. the result 
of the authorization of the vehicle authorized in step 630 or step 632 is transmitted to the vehicle (i.e. to the in-vehlcle 
device). Note that, in step 634, either the above second normal pattern or information is sent. 

15 [0347] In this way, because the observation lamp 227 is flashed on and off in either a second normal pattern or in 
a violation pattern in accordance with an authorization result from the ground indicating whether or not a vehicle Is a 
normal vehicle, it Is easy to confirm from outside the vehicle whether the vehicle is a normal vehicle or Is In violation. 
[0348] Moreover, because the lamp changes from a first normal pattern to a second normal pattern different from 
the first normal pattern, it is easy to confirm the state of a normal vehicle on the ground. 

20 [0349] Next, the charge area departure processing of step 51 2 will be described in detail. This charge area depar- 
ture processing is processing carried out when a vehicle has left from a area in whteh a charge is applied. For example, 
because a vehicle has departed from the area In which a charge is applied at the point PS5 partway along the route Rt 
in Rg. 1 9, the charge area departure processing of Rg. 29 is performed. 

[0350] Rrstly, in step 562, a notification is made that the vehicle has left the area in which a charge is applied by 
25 the transmission of the ID code and current position. Note tiiat, because the fact the vehicle has left the area in which 
a charge Is applied can be determined from the current position of the vehicle and the previous position of the vehicle, 
it may also be determined on the ground side form this history information, 

[0351] In the next step 564. a determination as to whether the authorization result has been received is repeatediy 
perfonmed until authorization that the vehicle has departed is received. When the authorization result is received, in the 

30 next step 566, a detemiination is made from the authorization result as to whether or not the host vehicle has been 
authorized as a normal vehicle. Note that, in step 564, the information below is received from the ground. When the 
authorization result is that the vehicle Is a normal vehicle, extinguish permission infonmation indicating pennission to 
extinguish the observation lamp 227 in order to end the notification to the outside of the vehicle because the vehicle is 
a nonnal vehicle Is received (i.e. is transmitted from the ground side). If the authorization result Is that the vehfcle is in 

35 violation, infonnation for performing the violation notification is received. 

[0352] When the in-vehicle device receives an authorization result to the effect that the vehicle Is not a nomial vehi- 
cle, then determination in step 566 is negative and the routine proceeds to step 572 where, in the same way as 
described above, violation processing is performed to flash the observation light 227 on and off in a predetermined vio- 
lation pattern. When, however, the in-vehicle device receives an authorization result to the effect that the vehicle is a 

40 normal vehicle, the determination in step 566 is affimnative and, in the next step 568, a determination is made as to 
whether or not an IC card 232 Is loaded in the IC card read / write device 234. If an IC card 232 is not loaded, the charge 
processing cannot be performed so the routine proceeds to step 572 where violation processing is perfomned. If, how- 
ever, an IC card 232 is loaded, the charge processing can be earned out so the determination in step 568 is affirmative. 
The routine then proceeds to step 570 where normal processing is perfbmied without the violation processing being 

45 carried out This normal processing is processing to extinguish the observation lamp 227 using the above received 
extinguish permission information. 

[0353] Next, the processing on the ground side in response to charge area departure processing of the in-vehtele 
device will be described. 

[0354] As is shown in Fig. 30, in step 636, a determination is repeatedly performed until a notification (ID code and 
50 vehicle position) including an ID code comprising an ID, i.e. the vehicle number or the like, is received from the ground 
side. Once the notification is received from the in-vehicle device, the routine proceeds to the next step 638 where, using 
the received ID code and vehicle position, the ID code and vehicle behavior are checked and a detemiination is made 
as to whether or not the ID code and vehicle behavior are normal. 

[0355] If ti^e ID code and the like are normal, the detemiination in step 638 is affirmative and, in the next step 640. 
55 the vehicle is authorized as nonnal. If the ID code and tiie like are not normaL The detemiination in step 638 Is negative 
and, in the next step 642, the vehicle is autiiorized as being in violation. In the next step 644, the above authorized vehi- 
cle authorization result is transmitted to ttie vehicle (I.e. the in-vehtele device). Note that. In step 644, information that 
includes a charge processing start instruction Indksating tiie start of charge processing is transmitted. 
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[0356] In this way, because the obsen^tion lamp 227 is flashed on and off in either a second normal pattern or in 
a violation pattern in accordance with an authorization result from the ground indicating whether or not a vehicle is a 
normal vehicle, it is easy to confirm from outside the vehicle whether the vehicle is a normal vehicle or is in violation. 
[0357] When the vehicle has departed from the area in which a charge is applied, if the vehicle is a nomnal vehicle, 
5 the observation lamp Is extinguished allowing easy confirmation from the outside of the vehicle that the vehicle Is nor- 
mal. If the departed vehicle is in violation, because the observation lamp 227 Is turned on or is flashed on and off in a 
violation pattern, it is a simple matter to confirm from outside the vehicle that charge processing has not been accom- 
plished and the vehicle Is In violation. 

[0358] Note that the above violation pattern may comprise the lamp being turned on continuously or the lamp being 
10 flashed on and off continuously. If this is so, the determination is easy when confirming the state of the observation lamp 
from outside the vehicle. 

[0359] In the above embodiment, a description was given of when one observation lamp was used, however, this 
embodiment is not limited to one lamp and a combination of a plurality of lamps may be used. 
[0360] As is shown in Rg. 31 , for example, an observation lamp 227 can be formed from a plurality of observation 
IS lamps 227A, 227B, 227C, and 2270. In this case, it is possible to make normal pattern more intricate thereby Increasing 
the secrecy level. Moreover, it is also possible to use as vehicle type determining lamps indicating the type of the vehicle 
In which the observation lamps are installed, such as heavy, medium, light and two-wheeled vehicles. Furthermore, 
Table 6 below shows a corresponding of the driver of the vehicle on the route Rt with an observation lamp. 
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[0361] In the above embodiment a description was given of when an observation lamp 227 was installed on the 
dashboard of a vehicle, however, the installation of the lamp Is not limited to the dashboard arid it may be installed on 
the outside of the vehicle. 
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[0362] As is shown in Rg. 32, number plates 34 and 36 are normally attached to a vehicle. If observation lamps 38 
are installed on the number plates 34 and 36 and connected to the in-vehicle device 38. display for observation is made 
on the number plates 34 and 36, confirmation from outside the vehicle becomes a simple matter. For example, as 
shown in Fig. 33, an observation lamp 38 capable of displaying numbers and symbols is installed on the number plates 
5 34 and 36. It is possible to display the current state (for example, to indicate that the vehicle is in violation) of the vehicle 
In numbers or symbols on this observation lamp 38. As a result, conf innation becomes easy at a position away from the 
vehicle. 

[0363] Next, processing to automatically determine from outside the vehicle, namely, on the ground side, a normal 
vehicle or vehicle in violation determined in the present embodiment. Note that, this processing is performed here in the 
10 relay device 50 and is described together with the processing routine. Further, it is possible to set the relay device 50 
and the processing below as an observation device. 

[0364] As is shown in Fig. 34, when the violation detection processing is executed, the above normal pattern is read 
in step 650. All set normal patterns are read. It is preferable if a normal pattern generated by a signal received in the 
relay device 50 from the general center 40 is used for this normal pattern. By using this normal pattern generated from 
15 a received signal, the latest nonnal pattern can be used and the secrecy of the normal pattern can be improved. 

[0365] In tiie next step 652, the vehicle is photographed for a set time. This photography may be perfonmed such 
that at least the observation tamp is photographed. In step 652, the flash pattern is extracted from the flash time of the 
observation lamp of the photographed vehicle. This extraction can be perfbrnned by measuring the time intervals when 
the lamp is on or off. 

20 [0366] The vehicle photography of step 652 is not limited to the above set time photography. For example, if an elec- 
tronic shutter is provided in an image pickup device and the electronic shutter either opened or closed in synchroniza- 
tion with the above normal pattern, the electronic shutter can be synchronized with the observation lamp. As a result it 
is also possible to pick up an image only during the time the lamp is on in synchronization with the flashing of the normal 
pattern. 

25 [0367] in tJie next step 654, a determination Is made as to whether or not the normal pattem read in step 650 
matches the pattem extracted In step 652. If they do match, the determination in step 652 is afflrmative and, in the next 
step 656, the photographed vehicle the vehtele is authorized as a normal vehicle and the routine is ended. 
[0368] In the determination In step 654. when an electron^ shutter is provided in the image pickup device and the 
electronic shutter is made either opened or closed in synchronization with the normal pattem, the electronic shutter can 

30 be synchronized with the flashing of the observation lamp. As a result, it is possible to determine that the patterns match 
by picking up an image only during the time the lamp is on in synchronization with the flashing of the nomial pattern. 
[0369] For example, when the observation lamp 227 is flashed on and off in the pattem shown in Fig. 23, if the 
detection times are set as the times T1 and T2, the time when the pattern is normal is when the lamp is on at the time 
T1 and the lamp is off at the time T2. If, however, at least one of the lamp being off at the time T1 or the lamp being on 

35 at the time T2 occurs, the lamp is not turned on in a normal pattem and it can be determined that the pattems do not 
match. 

[0370] If the patterns do not match, then determination in step 654 is negative and the routine proceeds to the next 
step 658 where it is authorized that the photographed vehicle is in violation. In the next step 660, processing for a vehi- 
cle in violation is canied out Examples of processing for a vehicle in violation include photographing the vehicle number 
40 (number plate), photographing the driver, notifying the observer and the like. 

[0371] By photographing the flashing of an observation lamp in a normal pattern in this way, it is possible to easily 
an automatically determine whether a vehicle is a normal vehicle or is in violation. 

[0372] Note that the above description was for the detection of a normal pattem, however, it is also possible to 
detect a violation pattern. In this case, it is possible to detect a specific violation pattern and perform an observation 
45 corresponding to the type of violation. Further, in the above, a description was given for that the flashing of an observa- 
tion lamp was observed, however, the observation is not limited to the flashing of light and it is also possible to perform 
an observation of notification by radio waves. In this case, the cycle and frequency of the waves as well as the wave- 
form, the amplitude and the like can be set for a normal pattern. 

[0373] In the above embodiment, a description was given for when the charge was made by deducting the toll from 
50 an IC card on which toll balance Infomiation and the like was stored, however, the charge processing is not limited to 
charge processing using an IC card, and it is also possible to approve the toll from an settled account such as a credit 
card or bank account associated with the user of the vehicle determined by an ID code. In this case, when a card or 
account that allows charge processing to be processed automatically is determined, by notifying the in-vehlcle device 
as to the toil deduction from the deductible card or bank account before the deducation, the user can conflrm before- 
55 hand the payment of a toll that has been created because of a charge. 
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(Rfth Embodiment) 

[0374] The present embodiment enables the detemilnation of a vehicle that is In violation or a normal vehicle 
described in the above embodiments to be made easily and using a simple structure from outside the vehicle. Note that 
5 in the present embodiment the structure is the same as in the above embodiments, therefore, the same portions are 
given the same descriptive symbols and a detailed description thereof is omitted. Note also that, the structure of a por- 
tion of the relay device 50 of the above embodiments is used to fonri the observation device 52. In addition, the present 
embodiment has a simple structure to allow easy determination of whether a vehicle is a normal vehicle or is in viola- 
tion. 

10 [0375] As is shown in Rg. 35, in the observation device 62 of the present embodiment, a ground wave communi- 
cation device 152 having a ground wave antenna 152A, and a lamp photographing device 168 provided with an image 
pickup device 1 58A such as a TV camera or art image sensor or the lilce are connected to an input / output port (I/O) 
1 38 of a relay control device 1 30 constructed from a microcomputer. A display device 1 60 for displaying Images photo- 
graphed by the lamp photographing device 158 provided with the Image pickup device 158A is also connected to the 

IS Input / output port (I/O) 1 38. Furthermore, a printing apparatus 1 66 used for printing photographed images and the like 
Is also connected to the input / output port (I/O) 1 38. 

[0376] As shown in Fig, 36, in the present embodiment, an observation lamp 39 is provided in the vicinity of the 
number plate 34 (or 36). Figs 36A and 36B show states where the observation lamp 39 is flashing on and off. Rg. 36A 
shows a state where the observation lamp 39 is on and Rg. 36B shows a state where the observation lamp 39 is off. 
20 By providing an observation lamp 39 in the vteinity of the number plate 34 attached to a vehicle and connecting it to the 
in-vehicle device 30 in this way, a display for observation is made on the number plate 34. As a result, confirmation cart 
be easily performed from outside the vehicle. 

[0377] Next a description will be given of the processing for determining a nornnal vehicle or a vehicle in violation 
from outside the vehtele, namely, on the ground side. 

255 [0378] As is shown In Rg. 37. in the observation device 52 of the present embodiment, firsily, in step 670, the above 
nonnal pattern is read. Note that, it is preferable if a normal pattern generated by the latest signal receh^ed in the obser- 
vation device 52 from the general center 40 is used for this normal pattern. By using this nomial pattern generated from 
a received signal, the latest normal pattern can be used and the secrecy of the normal pattern can be improved. Note 
also that it is also possible to store the normal pattern information on a floppy disk and to use the information read from 

30 the floppy disk. 

[0379] In the next step 672, the vicinity of the number plate 34 or 36 is photographed for a predetennlned time. This 
photography needs at least to include the observation lamp 39. In step 672, at least two images in synchronization with 
the normal pattern are extracted from a plurality of images photographed for the set time. Namely, the images in syn- 
chronization with the on time of the normal pattern or the off time of the normal pattem are extracted in synchronization 
35 with the flashing of the normal pattern. 

[0380] For example, if the observation lamp 39 Is flashed on and off in the pattem shown In Fig. 23, if the images 
are extracted at times T1 and T2, images where the lamp is on at the time T1 and the lamp is off at the time T2 are 
obtained. 

[0381] Note that the vehicle photography in step 672 Is not limited to being perfomried for a set time. For example, 
4o if an electronic shutter is provided In an image pickup device and the electronic shutter either opened or closed In syn- 
chronization with the above nomnal pattern (the detection timing), the image picking up in synchronization with the flash- 
' ing of the observation lamp can be possible. As a result, it is also possible to pick up an image only during the time the 

lamp is on in synchronization with the flashing of the normal pattern. 

[0382] In the next step 674, the turning on and tuming off Images at the predetemnined timing using the nomial pat- 
45 tern read In the above step 670 are displayed together with the images extracted in step 672 on the display unit 160. If 
an observer observes the images displayed on the display unit 160, it can be easily determined whether the vehicle is 
a normal vehicle or is in violation. 

[0383] Rg. 38 shows the display screen of the display device 1 60 for both normal states and violation states when 
the observation lamp 39 is flashing in a normal pattern (see Fig. 23). When the observation lamp 39 is flashing in a nor- 

50 mal pattem (see Rg. 23), then, as is shown in Rg. 38A, the display screen is divided into four sections with ttie following 
being displayed. Namely, the top portion (the portion comprising the sections 1 62A and 162C) is related to the time T1 
of the detection timing. The center portion (the portion comprising the sections 162B and 162D) is related to the time 
T2 of the detection timing. In addition, the bottom of the screen (the section 1 62E) is related to the photographed image 
and displays the year, month, date, and time of the photography. The left side portion (the portion comprising the sec- 

55 tions 1 62A and 1 628) displays a state in which the observation lamp 39 ought to be in a nomnal pattern, while the right 
side portion (the portion comprising the sections 162C and 162D) displays the actual photographed image. When the 
observation lamp 39 is turned on in a state other than tiie normal pattem, ttiat state is one of tiiose shown in Rg. 388, 
38C, or 38D. 
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[0384] By displaying the state in which the observation lamp 39 should be turned on or off in a normal pattern, and 
by displaying the actual photographed image, it is possible for an observer to easily determine whether a vehicle is a 
normal vehicle or Is in violation. 

[0385] The year, month, date, and time of the photography of the photographed image is also displayed on the dis- 
5 play device 160A. Moreover, because it Is possible to specify a vehicle front the number plate, if this screen is printed 
using the printing apparatus 1 66, it is possible to preserve as an output form the suitability or otherwise of the tuming 
on of the observation lamp 39 in the normal pattern. 

[0386] Note that, in the above embodiment, the use of the observation device having the above structure enables 
a determination of whether a vehicle is a normal vehicle or is in violation from outside the vehicle using a simple struc- 
10 ture, however, it is also possible to form an even simpler device to support this determination. The structure of this sup- 
porting device is described below. 

[0387] As is shown in Rg. 39, the supporting device 1 70 for supporting the determination of a nomial vehicle is con- 
structed from receiver 172 provided with an antenna 172A, a control device 174, and a notification device 176. The 
receiver 172 and the notification device 176 are connected to the control device 174. In the same way as the above 
75 ground wave communication device 1 52, the receiver 1 72 is intended to receive a nomial pattem. Note that the receiver 
152 only needs to receive the normal pattem and may be constructed from a simple receiver. 

[0388] The control device 1 74 is a device for converting a signal representing a normal pattem received by the 
receiver 172 into a drive signal for a notification in the notification device 176. The notification device 1 76 is fomied from 
at least one of a sound emitting device such as a speaker or a buzzer and a lamp, and notifies a normal pattern as a 
20 sound pattem or light pattem that corresponds with the normal pattern using the drive signal from the control device 
174. 

[0389] As described above, because the supporting device 1 70 can be formed with a simple structure. It is possible 
to construct it in a portable size. As a result, it is also possible for an observer to perform an observation while carrying 
the device. 

25 [0390] Note that in the above description, an example was described in which a receiver was used for support how- 
ever, it is also possible to attach a card read / write device instead of a receiver. It Is also possible to store a normal 
pattem in an IC card and, by reading this card, even In areas of poor reception and the like, the observation pattern read 
from the IC card can be used for support 

30 (Sixth Embodiment) 

[0391] In the present embodiment, the present invention is applied to an automatic charge system for performing 
charge processing automatically for a vehicle that has entered (I.e. driven into) a toll facility (t.e. an area in which a 
charge is applied). Note that the automatic charge system used In the present embodiment is a system for settling a 
35 usage toll (fare for travelling) based on Information transfer using communication between an in-vehlde device mounted 
In a vehicle and an on-road device installed on the road. Moreover, because the present embodiment has substantially 
the same structure as the above embodiments, the same portions are given the same descriptive symbols and a 
detailed description thereof Is omitted. 

[0392] The concept of the structure of the automatic charge system 1 0 of the present embodiment is the same as 

40 in the structure shown in Rg. 1 5. The general center 40 established on the ground side of the structure according to the 
present embodiment is the same as the general center 40 shown in Rg. 2, and therefore a description thereof Is omit- 
ted. Furthermore, the relay devtee has the same structure as the relay device 60 shown in Fig. 15, the in-vehicle device 
has the same structure as the in-vehlde devtee 30 shown in Rg. 17. and the observation lamp has the same structure 
as the observation lamp 227 shown in Rg. 18, therefore descriptions of these are omitted. 

45 [0393] The operation of the present embodiment will now be described. 

[0394] Rrstly. the operation of the ground side apparatus (In this case, the genemi center 40) will be described In 
detail. In the present embodiment, the general center 40 perfomns the same processing as the processing In Rg. 4, and 
transmits infonnation for charge processing to an In-vehicle device 30 mounted on the vehicle 32. 
[0395] In the general center 40, GPS signals are received from GPS satellites 20. 22, and 24 (step 300 In Rg. 4). 

so The general center 40 then determines its own, reference position i.e. that of the general center 40 (a reference latitude 
and longitude Po). and generates GPS correction information (step 302). Next, predetermined area in which a charge 
is applied information is read (step 304), and GPS connection infomiatlon is transmitted together witii area in which a 
charge is applied infomnation Is transmitted by FM broadcast or telephone circuit or the like (step 306). 
[0396] As described above, the area in which a charge Is applied Infomnation is set for a area in which a charge is 

55 applied formed from a predetermined plurality of areas. An example of a structure is one in which the size of the areas 
between the city center and the suburtss becomes smaller the closer to the city center. An example of area In which a 
charge is applied according to the present embodiment is shown in Fig. 40. The ground Is divided Into three areas, 
namely, a drcular central area A, a donut shaped area B that Is substantially concentric around and adjacent to the 
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outer periphery of the area A, and an area C outside the areas A and B. It is possible to specify these areas by latitude 
. and longitude as well as by their shape. 
[0397] Note that, in the present embodiment, checkpoints CP for performing charge processing are provided at pre- 
determined positions in the area D and inside the area C. 

5 [0398] Moreover, the charge processing area information is set for the area in which a charge is applied. A formed 
from a plurality of areas, however, it is possible to set a different charge amount for each area. For example, It is possible 
to increase the charge amount in accordance with the proximity to the city center, or to alter the charge amount in 
accordance with the number of times of use, or to alter the charge amount in accordance with the level of congestion, 
or to alter the charge amount in accordance with the length of time of use. These are determined by the charge calcu- 

10 lation conditions. 

[0399] The charge calculation conditions have been described in the above embodiments and a detailed descrip- 
tion thereof is omitted, however, the first charge calculation condition is the number of entries into an area, shown in the 
table indicating the tolls for each area. The second charge calculation condition is the time length of stay in an area, 
shown in the table indicating the tolls for each area. The third condition is the level of congestion in the area, shown in 
75 the table indicating the tolls for each area. The fourth condition is speed when traveling inside an area (or, alternatively, 
the average speed inside an area), shown in the table indicating the tolls for each area. The fiftti condition is total area 
travel distance traveled inside an area, shown in the table Indicating the tolls for each area. 

[0400] By including these tables based on the charge calculation conditions in the area In which a charge is applied 
infomnation, it is possible to specify, for the area in which a charge is applied, the area and the toll. 
' 20 [0401] The area in which a charge is applied information is set for a area in which a charge is applied formed from 
a plurality of predetermined areas. For example, areas might be formed between an inner city area and the suburbs and 
these areas become smaller the closer they are to the inner city area. An example of area in which a charge is applied 
of this type is shown in Fig. 40. The ground is dh^lded into 4 areas. In the center portion is a circular area A. Donut 
shaped circular areas B and C which are substantially concentric around and adjacent to the outer periphery of the area 
25 A. Last is the area D which is the area otiier tiian the areas A, B, C, These areas can each be specified by their latitude 
and longitude as well as by their shape. In the present embodiment, the areas A, B, and C are each area in which a 
charge is applied, while the area D is outside the area in which a charge is applied. 

[0402] Next, the operation of the in-vehicle device 30 will be described. In the present embodiment, the in-vehicle 
device 30 is intended to perform identical to that in Fig. 5. 

30 [0403] Namely, information is received from the ground, i.e. the general center 40 (or relay device 50) at predeter- 
mined times (for example every one minute) by the in-vehicle device 30 mounted on the vehicle (step 400). A determi- 
nation is then made as to whether or not the received infomnation is the latest information (step 402), and, if the received 
Infomnation is the latest information 0-e- the detemniination in step 402 is affirmative), the area in which a charge Is 
applied is led out while the GPS correction infonmation is stored (step 404). If, however, the received information Is not 

35 the latest Infonmation the detemnination in step 402 is negative), GPS signals from the GPS satellites 20, 22. and 
24 are received (step 406), ttie current date and time (year, month, date, and time) are read, and the current position 
(latitude and longitude P (t)) of the in-vehicle device, namely of the host vehicle thereof, is determined (step 41 0). The 
determined latitude and longitude P (t) are then matched with a map database stored in advance (step 412), the area 
to which the latitude and longitude P (t) belong are then decided (step 414), and the latitude and longitude P (t), the 

40 date and time t, and the area are then stored as vehicle location history (step 416), As a result, the area In which the 
vehicle 32 is present at predetermined times is stored with a date and time as history. 
' [0404] Accordingly, taking as an example a case in which the toll varies according to the number of times a vehicle 

enters into a area in which a charge is applied, as is shown in Rg. 40, if a vehicle travels through the area comprising 
the areas A to D along the route Rt from the start point STP to the end point EDP, because the start point STP and the 

45 end point EDP are outside the area in which a charge is applied, no charge is applied, however, because each of tiie 
partway points SI , S2, S3, and S4 are inside the area In which a charge is applied, a charge is applied, at each between 
the start point STP and the end point EDP. Namely, history infomnation (charge history) in the sequence of areas C, B, 
A, B, C is stored. 

[0405] Next, the charge processing In the in-vehide device 30 will be described. This charge processing is process- 
50 ing to transmit history infomiation after the receipt of a request for the transmission of the charge history (history infor- 
mation) from the ground side (checkpoint CP), and Is described in detail below. 

[0406] As is shown in Fig. 41 , in step 420, by making a determination as to whether or not there has been a trans- 
mission request from the general center 40 (or relay device 60), a determination is made as to whether or not the con- 
ditions match. If the conditions do not match, the detennlnation in step 420 is negative and tiie current routine is ended. 
55 If, however, the conditions do match, the detemnination in step 420 is affimiatrve and, in step 422, the history infonna- 
tion is acquired. This history infomnation is the list of the vehicle location history stored above (I.e. in a process con'e- 
sponding to step 41 6 of Rg. 5). In the next step 423, the acquired history information is transmitted to the relay device 
50. In the next step 425, a determination is made as to whether or not notification has been received from the relay 
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device 50. If notification has been received, the determination is affirmative and the notification is performed. If notifica- 
tion has not been received, the determination is negative and the routine is ended. 

[0407] Next, the operation of the ground facility and the in-vehicle device at the checkpoint CP will be described fur- 
ther. 

5 [0408] Note that, in the present embodiment, the checkpoints CP are set as predetennined areas and, as is shown 
in Rg. 42, comprise the areas CPM and CPS. The area CPM is an area for performing tasks related substantially to the 
charge processing while the area CPS surrounding the area CPM is set as an area for canceling error for specifying the 
area CPM (buffer area). The reason for this is to counter any errors caused by the GPS system when the position of the 
vehicle is detected using a GPS system. The area D outside the areas CPM and CPS is outside area in which a charge 

10 is applied (Rg. 42) or is in the area in which a charge is applied (Rg. 40). 

[0409] As is shown in Rg. 43, in the in-vehicle device, the routine proceeds to step 580 where a determination Is 
made as to whether or not the cun-ent position is peripheral to the relay device 50 (the checkpoint CP). If the determi- 
nation is negative, the routine proceeds to step 586, if the determination is affinnative, the routine proceeds to step 582. 
In step 582, a determination Is made as to whether or not the previous area was a checkpoint area (the area when the 

IS current routine was last executed). If the previous area was not a checkpoint, then the vehicle has entered the check- 
point CP for the first time and, consequently, the determination in step 582 Is negative. In the next step 584, area entry 
processing is performed and the routine proceeds to step 594. If, however, the previous area was a checkpoint area, 
the determination in step 582 Is affimnatlve and the routine proceeds to step 594 with no further change. 
[041 0] This area entry processing is processing performed when a vehicle enters a checkpoint CP. For example, at 

20 the point PS2 partway along the route Ro (Rg. 42), a vehicle has entered the checkpoint Cp for the first time. By trans- 
mitting an ID code and the cun-ent position, for example, a notification can be made that the vehicle has entered the 
checkpoint CP. Due to this notification, the checkpoint CP, namely, the ground side (the relay device 50) can begin the 
initialization of the processing that accompanies the charge processing. Note that, In step 584, it is also possible to set 
the conditions for beginning the charge processing in the in-vehicle device. In the present embodiment, as described 

25 above, the charge processing can be performed at the devk:e mounted in a vehicle In response to a transmission 
request from the relay device 50. 

[0411] Note also that the ground side, namely, the relay device 50 is able, by the above notification, to transmit the 
latest charge tables as well as a normal pattern for flashing the observation lamp 227 on and off when the vehicle has 
been authorized as a normal vehtele. Moreover, if the vehicle is authorized as being in violation, it is possible to transmit 

30 information for performing the violation notification. The normal pattern is a pattern for causing the observation lamp 
227 to flash on and off in a predetermined timing (for example, a timing in which the lamp is repeatedly switched on for 
a set time and then switched off for a set time) in order to enable confirmation from outside the vehicle that the host 
vehicle is a normal vehicle for which charge processing can be perfomned. If this pattern is used, the cyclic flashing can 
be contirmed from outside the vehicle and the vehicle can be confirmed as being a normal vehicle. In the same way, a 

35 pattem which causes the observation lamp 227 to flash on and off in a violation pattem different from the nomial pattern 
(by flashing the observation tamp on and off repeatedly for a time t, or by leaving the lamp flashing) is used as the vio- 
lation pattern In order to enable confirmation from outside the vehicle that the host vehicle is in violation. 
[0412] If the determination In step 580 Is negative, the routine proceeds to step 586 where a determination Is made 
as to whether or not the distance to the checkpoint CP is less than or equal to a predetermined distance, whtoh enables 

40 a determination to be made as to whether or not the vehicle is approaching the checkpoint CP. If the distance to the 
checkpoint CP is less than or equal to a predetermined distance, the determination in step 586 is affirmative and, in the 
next step 592, information indicating that the vehicle is approaching the checkpoint CP is provided by images and 
sound, and the routine returns to step 580. For example, it is possible for a fixed time to display information such as 
"approaching checkpoint" on the display panel 227S, or to provide this vocally from the sound device 228, or to display 

45 it on the display on the navigation system via the display device 224. 

[041 3] If the determination in step 586 Is negative, the routine advances to step:588 where a determination is made 
as to whether or not the previous area was a checkpoint CP. If the previous area was not a checkpoint CP, the routine 
returns to step 580. In contrast, because the determination in step 588 is affirmative when the vehicle has departed 
from a checkpoint CP, the determination in step 586 is affirmative and, in the next step 590, the area departure process- 

so ing is executed and the routine proceeds to step 594. 

[041 4] The above area departure processing is processing performed when a vehicle has departed to the area out- 
side the checkpoint CP. For example, at the point PS5 partway along the route Ro (Rg. 42), a vehicle has left the check- 
point CP. In this processing, notification that the vehicle has left the checkpoint CP is made by the transmission of the 
ID code and current position. Note that, because it is possible to determine from the current position of a vehicle and 

55 from the previous position of a vehicle that the vehicle has left the checkpoint CP, this determination can be made from 
the history information at either the vehicle side or at the ground side. 

[0415] Note also that, in the same way as described above, it is also possible to cause the observation lamp 227 to 
flash on and off or to be extinguished by a result of art authorization that the vehicle has departed. 
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[041 6] Consequently, at the point PS1 partway along the route Ro, information is provided in step 592 that the vehi- 
cle is approaching the checkpoint CP. At the partway point PS2, area entry processing for when a vehicle first enters 
the checkpoint CP is performed. At the partway points PS3and PS4, because the previous area was a checkpoint CP, 
the routine pnDceeds to the next step without change. At the partway point PS5, area departure processing for when a 

5 vehicle departs from a checkpoint CP Is performed. 

[0417] In step 594, a determination is made as to whether or not an Inquiry for fixed data such as information on 
the type of vehicle and the ID code which comprises the vehtele ID and the like, namely, the vehicle number and the like 
has been made from the ground side. If this determination is affirmative, then, in the next step 596, ID inquiry process- 
ing is executed and then the routine proceeds to step 598. If the determination is negative, the routine proceeds without 

10 change to step 598. 

[0418] This ID inquiry processing is carried out when a vehicle is within a checkpoint. For example, at the points 
PS3 and PS4, partway on the route Ro (see Fig. 42) a vehicle is within the checkpoint, therefore, information relating 
to the ID code is notified by transmitting the cun-ent position as well as fixed data such as the ID code and the vehicle 
model information. Note that a determination is made on the ground side as to whether or not the notification is normal 
15 or not, and the vehicle is authorized as being normal or as fcieing in violation. 

[0419] The above ID inquiry processing is processing in response to a confirmation from the rel^ device to the 
vehicle of whether or not the vehicle is a normal vehicle or is in violation. 

[0420] In the next step 598, a determination is made as to whether or not the power supply has been cut If power 
is being supplied, the determination is negative and the routine returns to step 580. If the power supply has been cut, 
20 the determination is affirmative and the routine Is ended. 

[0421] Next, the operation of the relay device will be described. In the relay device 50 according to the present 
embodiment, substantially the same processings as in Rg. 13 are carried out in Fig. 44. 

[0422] Rrstly, an initial processing is performed, namely, GPS signals from GPS satellites 20, 22, and 24 are 
received and determines the general center 40 reference position (a reference latitude and longitude Po). It then gen- 

25 erates GPS correction information and performs processing to read the area in which a charge is applied information 
(step 470). It then makes an inquiry in order to obtain a response from the in-vehicle device (step 472), and then makes 
a deterrtiination as to whether or not the in-vehlcle device 30 has responded (step 474). if there has not been a 
response (the determination in step 492 is negative), the inquiry is repeated until a predetermined time has elapsed. 
[0423] If the in-vehicte devk^e has responded (makes a notification) (i e. the determination in step 474 is affinna- 

30 tive), a request is made for history information including the ID code and the like to be transmitted (step 476). When the 
in-vehide device 30 has transmitted the history Information including the ID code and it has been received (i.e. the 
determination in step 478 is affirmative), a calculation formula is decided based on the area included in the history infor- 
mation (step 480), and the toll is calculated using the set calculation formula (step 484). 

[0424] The calculation formula is determined by the above cateulation conditions. These calculation conditions are 
35 conditions for determining a charge amount (charge calculation conditions) and may be made up of the number of 
entries into an area, the length of time in an area, or the like. The charge calculation formula is determined by the cal- 
culation conditions. In fonmula (5) below, a charge calculation formula Is shown as a general formula considering areas. 

(charge amount) = f (N a. N N c. N N ,, N j, t) (6) 

Wherein, 

Na, Nb, Nc: the evaluation of the areas (i.e. the number of entries and length of time of stay for the area determined 
by the charge calculation conditions) - note that the above area may be formed from a plurality of areas 
45 Nh : the level of congestion 

N| : the speed (average speed) 

Nj : the total distance traveled within the area 

T : the date and time 

50 [0425] Next, a determination is made from the calculation result of step 484 as to whether or not there is a charge 
(step 486). If no charge has been generated, a determination is made as to whether or not a predetermined time has 
passed (step 492). If the predetermined time has not passed (i.e. if the determination In step 492 is negative), the rou- 
tine retums to step 472. If the predetermined time has passed (i.e. If the determination in. step 492 is affirmative), the 
present routine Is ended. 

55 [0426] If, however, a charge has been generated, an Instruction is given to notify the in-vehicle device of the charge 
information by transmitting the generated charge, namely, the toll to the in-vehicle device as charge information (step 
488). The toll is then settled from an settied account such as a bank account or a credit card associated with the user 
of the vehicle determined by the ID code (step 490). 
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[0427] Thus, in the present embodiment, history information indicating the presence of a vehicle in a area in which 
a charge is applied is stored (accumulated) In the in-vehlcle device. In addition, because this history information is 
transmitted is response to a transmission request from the ground side, there is no need to install antennas at entries 
and exits and the like and transfer information for collecting tolls (charge). Namely, it is only necessary to establish a 
point where information can be transferred between the ground and a vehicle, and the toll collection (the charge) can 
be easily performed by transferring information for collecting the toll (the charge) at that point. 

[0428] In the above embodiment, a description was given of when charge processing was perfomied by storing his- 
tory information for one area in which a charge is appliedhaped as a concentric circle, however, the present invention 
is not limited to this. For example, the present invention is also effective in separately existing area in which a charge is 
applied A, B, and C. In the example shown in Rg. 45, a checicpoint CP is present in the area D outside the area in which 
a charge is applied When a vehicle travels along the route R1 through the area in which a charge is applied A and B 
(i.e. through the partway points PS6 and PS7), the driver only needs to pass through the checkpoint CP established in 
advance as the partway point PS8 for the charge. In this case, the transit through the checkpoint CP does not need to 
be included In the route R1 . Namely, the charge processing can also be performed by the vehicle passing through the 
checkpoint CP after a predetermined time has passed, for example, after several hours or several days. Note that in 
order to differentiate between the transit by the vehicle through the checkpoint CP in this way after a predetermined time 
has passed, for example, after several hours or several days, and a transit through the checkpoint CP a short time later, 
namely, as preferential treatment and delayed treatment it is also possible to add an extra charge when the vehicle visits 
the checkpoint CP after a set time has passed, and to subtract a predetermined discount charge from the normal 
charge amount when the charge processing is performed within the set time. 

[0429] Moreover, the above description was for a fixed area in which a charge is applied, however, the present 
invention is not limited to this, and the area in which a charge is applied may set so as to be movable. For example, as 
is shown in Rg. 46, the present invention is also effective when the area in which a charge is applied A and B have been 
altered (including the size thereof being altered) by being moved to the area in which a charge is applied A' and B'. In 
this case, even if the car has previously traveled along the route R1 shown in Rg. 45, the route R1 is no longer included 
in the area In which a charge is applied after the area in which a charge is applied have moved to A' and 8'. In this case, 
it is preferable if information is successively provided from the ground side to the In-vehicle device to the effect that the 
area in which a charge is applied has moved. Furthermore, there is no need for the areas to be circular in shape. 
[0430] Note that, in the present embodiment, when a bank account or card with which charge processing can be 
performed automatically has been detennined, it is also possible to give a notifrcation before the payment is deducted 
from this card or bank account. In this case, it is possible for a use to easily determine whether or not the payment of a 
toll generated as the result of a charge Is able to be paid from a card or bank account belonging to the user. 
[0431] Moreover, In the above embodiment, a description was given of when a charge was processed on the 
ground side, however, the present invention is also applicable to the processing of a charge by deducting the toll from 
an IC card on which toll balance infomiation is stored. 

(Seventh Embodiment) 

[0432] In the present embodiment, the present invention is applied to an automatic charge system for performing 
40 charge processing automatically for a vehicle that has entered (a vehicle that has driven into) a toll facility (i.e. a area 
in which a charge is applied). Note that the automatic charge system used in the present embodiment is a system in 
which the position of a vehicle is detected using the in-vehicle device, and the usage toll (driving toll) is settled on the 
basis of the result of the detection. Moreover, because the present embodiment is substantially the same as the above 
embodiments, the same portions are given the same descriptive symbols and a detailed description thereof is omitted. 
45 [0433] The concept of the structure of the automatic charge system 1 0 of the present embodiment is the same as 
the structure shown In Rg. 1. Note that, in the automatic charge system 10 of the present embodiment, the in-vehicle 
device 30 is provided if necessary with a ground wave antenna (described tn detail below) for ground wave communi- 
cation. 

[0434] The in-vehicle device 30 detects the position of its host vehicle 32 using GPS signals from GPS satellites 20, 
so 22, and 24. The in-vehicle device 30 then performs charge processing (calculation) based on the information of the 
detected position and information relating to the area in which a charge is applied and, based on the result of that 
processing, perfomns the toll collection processing. At this time, it is also possible, if necessary, for information to be 
transferred and received with the general center 40 via ground wave communication. 

[0435] Moreover, the general center 40 established on the ground side of the structure according to the present 
55 embodiment is the same as the general center 40 shown in Fig. 2 and, therefore, a description thereof is omitted. Note 
that, in the present embodiment, a wireless communication device is employed as the ground wave communication 
device 122 that Is intended to exchange information with or provide information to the in-vehicle device 30 of a vehicle 
in whteh a communication device is mounted. 



47 



EP 1 050 853 A1 



[0436] Next, the in-vehicle device of the present embodiment will be described. Because the in-vehicle device has 
substantially the same structure as the in-vehicle device 30 shown in Rg. 3, the same portions are given the same 
descriptive symbols and a detailed description thereof is omitted. 

[0437] As is shown in Rg. 47, an in-vehtcle GPS device 220 having a GPS antenna 220A mounted on the vehicle 
5 is connected to the input / output port 208 of the in-vehide device 30 of the present embodiment. The in-vehicle GPS 
device 220 is intended to detect the position of its host vehicle 32 using GPS signals from GPS satellites 20, 22, and 24. 
[0438] Memory 230 is also connected to the input / output port 208. This memory 230 Includes a rewritable toll data 
table 230A for storing toll Information indicating the tolls in area in which a charge is applied, and a map database 230B 
in which is stored map information for providing visual route assistance information to a driver. 
io [0439] In addition, a display unit 224 for providing visual route assistance information to a driver, a speaker unit 
comprising a sound device 228 provided with a speaker 228A for providing aural Infonnation to a driver, and an input 
device 226 such as a keyboard or a switch device are also connected to the input / output port 208. The display device 
224 is capable of displaying map infomiation. The sound device 228 is intended to convert either digital or analog sound 
signals output from the device body 1 2 into drive signals for the speaker 228A and output these. 
15 [0440] Note that data and the like to be stored in the memory 230 may also be stored on a storage medium such 
as a hard disk or floppy disk using the FD device 236. 

[0441] An IC card read / write device 234 which is capable of receiving and ejecting an IC card, on which is stored 
toll balance information and the like, is also provided for the input / output port 208. A storage area 232A for storing area 
information relating to a area in which a charge is applied (described befow) is set in advance on the IC card 232. Bal- 

20 ance information and GPS correction infomaatlon can also be stored on the IC card 232. 

[0442] In the in-vehicle device 30, fixed data such as the model of the vehicle and an ID code comprising the vehicle 
number and the like is stored in advance in the RAM 204 and the ROM 206. The in-vehicle device 30 refers to the area 
in which a charge is applied and the toll balance infonmation on the loaded IC card 232 via the IC card read / write 
device 234 and writes toll balance information to the IC card 232. Note that the IC card may includes a prepaid card or 

25 a credit card. Also, at the input/output port 208, an observation lamp 227 Is connected. This otsservation lamp 227 is for 
notification the charge processing state to the outside of the vehicle. 

[0443] As an example of the above IC card 232, as is shown in Rg. 48A, a magnetic storage type card 231 having 
a bar-shaped magnetic storage area 231 A for storing information corresponding to the storage area 232A, and, as is 
shown in Rg. 486, an iC storage type card 233 having an IC storage section 233A for storing infonmation corresponding 

30 to the storage area 232A may be used. 

[0444] Note that, although not provided in the embodiment shown in Rg. 47, other types of in-vehicle device Include 
an in-vehicle device provided with a wireless communication device to which ground wave communication device hav- 
ing a ground wave antenna is connected, and which exchanges information with the ground or provides information to 
the ground by communication. An example of this wireless communication device is an FM broadcast or an FM char- 

35 acter broadcast, a known wave communication, and telephone circuit communication such as in a moving body com- 
munication device. Accordingly, a communication device for a moving body such as a portable telephone or a car phone 
or the like may be used as the ground wave communication devk:e, so that wireless communication (conversation Vta 
a telephone circuit) can be made possible via the in-vehicle device 30 between the vehicle and a telephone device out- 
side the vehicle. 

40 [0445] As is shown in Rg. 49A, an observation lamp 227 is provided In the front surface portion 229A of a box hous- 
ing 229. The box housing 229 can be installed on a vehtele dashboard such that light from the observation lamp 227 is 
emitted to the outside of the vehicle. This enables easy confirmation from outside the vehicle that the observation lamp 
227 is flashing. 

[0446] Note that, by providing a display lamp that flashes in synchronization with the observation lamp 227 at a dif- 
45 ferent position to the observation lamp 227, for example, at a position opposing the observation lamp 227 (i.e. at the 
rear surface portion 2298 of the housing 229), it is possible for the driver Inside the vehicle to confirm the flashing of the 
observation lamp 227 by the flashing of the display lamp. For example, as is shown in Rg. 49B, it is possible to install 
a display panel 227S in the rear surface portion 229B of the housing 229 thus providing a structure in which it is an easy 
matter for the driver of the vehicle to confirm the current state of the charge processing. In this case, It Is possible to 
so display the following on the display panel 227S as the cument state, namely, that the vehicle is approaching a area in 
which a charge is applied, a standard charge amount for the area in which a charge is applied, the current amount of 
the charge processing, that charge processing has begun, that charge processing has ended, that charge processing 
has not been performed (i.e. that a violation has been committed), and the like. Moreover, as is shown in Rg. 49C, an 
observation lamp 227 can be formed from a plurality of observation lamps 227A, 2278, 227C, and 227D. In this case, 
55 it is possible to use observation lamps as vehicle type determining lamps indicating the type of the vehicle in which the 
observation lamps are installed such as heavy, medium, light, and two-wheeled vehicles. 

[0447] Note that the mounting position (attachment position) of the in-vehicle device 30 is not limited to being on 
the vehicle Instrument panel as described above, and It is suffk^ient If it is In a position where it is able to exchange slg- 
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nals with the ground using the antenna. For example, it may be mounted inside the vehicle at the rear seat or the like. 
Moreover, the in-vehicle device 30 may be formed with separate structures comprising an in-vehicle device main body 
and an antenna. If the in-vehicle device is structured in this way with a separate in-vehicle device main body and 
antenna, it is possible to install the antenna only on the instrument panel or at a position towards the rear seat or the 
5 tike, as described above, and the mounting position information is taken as Information recording the position where the 
antenna has been mounted. 

[0448] Moreover, when the Ignition is on, power Is supplied at all times from the vehicle battery to the tn-vehtote 
devk:e. It is also possible to enable the in-vehicle device to acquire date and time information such as the year, month, 
date, as well as the current time from an unillustrated clock built into the vehicle 32. 

10 [0449] Next, the operation of the present embodiment will be described. 

[0450] Rrstty, the operation of the ground device (in this case, the general center 40) will be described in detail. In 
the present embodiment, the general center 40 performs the same processing as the processing in Fig. 4; namely, it 
transmits information for charge processing to an in-vehicle device 30 mounted in the vehicle 32. Note that the process- 
ing of the general center 40 is not directly related to the in-vehicle device 30 of the present embodiment, however, this 

IS processing is useful for an in-vehicle device provided with a communication device. 

[0451] The general center 40 receives GPS signals from GPS satellites 20, 22, and 24 (step 300 of Fig. 4). The 
general center 40 then determines its own reference position, namely the reference position of the general center 40 (a 
reference latitude and longitude Po), and generates GPS conrection information (step 302). Note that in the present 
embodiment, this GPS correction information is stored on the IC card 232. Next, predetermined area In which a charge 

20 is applied information is read (step 304), and GPS conrection information is transmitted together with area in which a 
charge is applied information is transmitted by FM broadcast or telephone circuit or the tike (step 306). 
[0452] The area information is set in a area in which a charge is applied formed from a predetermined plurality of 
areas. An example is a structure in whteh, between the city center and the suburtis, the areas become smaller the 
closer to the city center. 

25 [0453] An example of area in which a charge is applied (Area) of the present embodiment is shown in Rg. 50. The 
ground is divided into 7 areas. In the center portion is a circular area A. Next is a substantiatly donut shaped circle con- 
centric around and adjacent to the outer periphery of the area A, and divided into 4 areas B, C, D, and E. Next is a sub- 
stantially donut shaped circle area F concentric around and adjacent to the outer periphery of the areas B, C, D, and E. 
Last is the area G which is other than the above areas A, B, C, O, E, and F. These areas can be specified by their latitude 

30 and longitude as well as by their shape. 

[0454] Moreover, although the area information is set in a area in which a charge is applied fbmned from a prede- 
termined plurality of areas, it is possible to set a different charge amount for each area. For example, the charge amount 
may be increased the closer to the city center, the charge amount may be altered in accordance with the number of 
usages, the charge amount may be altered in accordance with the level of congestion, and the charge amount may be 

35 altered in accordance with the length of time of the use. In the above example (Rg. 50), in the present embodiment, the 
areas A, B, C, D, E, and F are set as area in which a charge is applied while the area G is set outside the area in which 
a charge is applied. As was described above, the first charge condition of the charge calculation conditions for deter- 
mining these charge amounts is the number of entries into an area shown in a table Indicating the charges for each 
area. With this type of setting, the charge amount increases as the number of entries into the central portion of the area 

40 in which a charge is applied increases. For example, an example of the first charge calculation condition (number of 
times an area is entered) is shown in the table indk:ating the tolls for each area in Table 7. This table may also be stored 
as area information in the IC card 232. 



Table 7 



Area 


Charge Amount 


A 


¥300/ entry 


B 


¥100/ entry 


C 


¥100/ entry 


D 


¥100/ entry 


E 


¥100/ entry 


F 


¥10/ entry 


G 


¥0/ entry 
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[0455] The second charge calculation condition is the length of time in an area shown In the table indicating the tolls 
for each area. With this type of setting, the charge amount increases as the length of time of the stay in the central por- 
tion of the area in which a charge is applied Increases. For example, an example of the second charge calculation con- 
dition (length of stay in an area) is shown in the table indicating the tolls for each area in Table 8. This table may also 
5 be stored as area information in the IC card 232. 



Table 8 



10 



IS 



20 



Area 


Charge Amount 


A 


¥150/ minute 


B 


¥90/ minute 


C 


¥90/ minute 


D 


¥90/ minute 


E 


¥90/ minute 


F 


¥10/ minute 


G 


¥0/ minute 



[0456] The third charge calculation condition is the level of congestion In an area shown in a table indicating the 
tolls for each area. The fourth charge calculation condition is the speed at which a vehicle traveled Inside an area (or 
aitematively, average speed) shown in a table indicating the tolls for each area, and the fifth charge calculation condition 
2s is the total distance traveled inside an area when traveling inside an area shown in a table indicating the tolls tor each 
area. 

[0457] By including the tables based on the above charge calculation conditions in the area information, it is possi- 
ble to specify, with respect to a area in which a charge is applied, the area and the tolls therefor. 
[0458] Next, the operation of the in>vehicle device will be described. 

30 [0459] As is shown in Fig. 51 , in step 501 , an area detemrii nation is made in the in-vehicle device as to the position 
where the host vehicle is located. (Refer to Rg. 5) In the next step 503, a determination Is made as to whether or not 
the area determined in step 601 is a area in which a charge is applied. If the determination is negative, the routine pro- 
ceeds to step 510, if the determination is affirmative, the routine proceeds to step 505. In the next step 505, a determi- 
nation is made as to whether or not the determined area is the same as the previous area (i.e. the same area as the 

35 last time the present routine was performed). If the previous area was not a area In which a charge is applied, then the 
vehicle has entered a area in which a charge is applied for the first time. Consequently, the determination in step 505 
is negative and, in the next step 506, area entry processing is executed and the routine.advances to step 513. This area 
entry processing is processing performed when a vehicle has entered a area In which a charge Is applieduch as by tum- 
ing on or flashing the observation lamp 227. Note that, in this step 506, conditions are set for starting the charge 

4o processing in the in-vehlcle device. On the other hand, if the previous area was a area in which a charge is applied, the 
determination Instep 505 is affirmative and the routine advances to step 613 without further processing. 
[0460] Note that, in the present embodiment, it is possible to notify the outside of the vehicle that charge processing 
is currently being performed by turning on or flashing on and off the observation lamp 227 when a vehicle has entered 
the area or when the charge processing described below has started. It is also possible to notify the outside of the vehl- 

45 cle that charge processing has been completed by flashing the observation lamp 227 when the charge processing is 
completed. Note that, when the observation lamp 227 is flashed on and off, it is preferable that a pattern for flashing the 
observation lamp 227 on and off in a predetermined timing (for example, a timing indicated by turning the lamp on and 
off repeatedly for fixed lengths of time) is determined in advance in order to enable confirmation from outside the vehi- 
cle. If this pattern is used, confirmation of cyclic flashing is possible from outside the vehicle, and tt can be confinned 

so that the vehicle is normal. On the other hand, when it is not possible to accomplish the charge processing, a violation 
pattern is stored and processing may be performed to enable confirmation from outside the vehicle that the vehicle is 
in violation by flashing the observation lamp 227 on and off in a violation pattern that is different to the normal pattern 
(for example, by repeatedly turning the lamp on and off for times t, or by flashing the light continuously). 
[0461] If the determination in step 503 is negative, the routine proceeds to step 51 0 where a determination is made 

55 as to whether or not the previous area was a area in which a charge is applied and. If the determination Is negative, the 
routine returns to step 501 . If, on the other hand, the determination in step 51 0 is affirmative, the vehicle has left the 
area in which a charge is applied and, therefore, due to the affirmative detennination in step 510, the routine proceeds 
to step 512, where area departure processing Is performed and the routine advances to step 513. This area departure 
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processing is processing performed when a vehicle has departed from a area In which a charge is applieduch as by 
turning off or flashing the observation lamp 227 in a violation pattem. Note that, in the same vray as described above, 
it is also possible to cause the observation lamp 227 to flash on and off or to be extinguished based on a result of an 
authorization that the vehicle has departed. For example, when the charge processing is performed normally, the lamp 
5 is turned off or is caused to flash on and off In a normal pattem, and when there Is a violation such as when the balance 
is insufficient or if there is no IC card loaded, the lamp is left on or is caused to flash in a violation pattern. This enables 
easy confirmation of the charge state of a vehicle from outside the vehicle. 

[0462] In the next step 513, a determination is made as to whether or not the power supply has been tamed off. If 
power is still being supplied, the detemiination is negative and the routine returns to step 501. If the power has been 

10 turned off, the determination is affirmative and the current routine is ended. 

[0463] For example, if a vehicle has entered the area F at the point PS1 partway along the route Rt shown in Rg. 
50, because the vehicle has entered the area for the first time, area entry processing is performed. Next, at the partway 
point PS2, the vehicle has departed from the area F and has entered the area B. Therefore, area departure processing 
and area entry processing are performed. In the same way, at the partway point PS3, the vehicle has departed from the 

IS area B and has entered the area A. Therefore, area departure processing and area entry processing are performed. 
[0464] Next the processing in the in-vehicie device of the present embodiment will be described. In the 1n<vehicle 
device 30 mounted on a vehicle (the processing of step 501 in Rg. 51), when area determination processing is per- 
formed, information, namely area information (tables), stored In the storage area 232A of the IC card 232 is read (this 
corresponds to step 400 of Rg. 5), and a determination is made as to whether or not the read area information is the 

20 latest information (step 402). When the area information is the latest information, area information (tables) including the 
area in which a charge is applied is stored In memory, and GPS correction information is stored (this corresponds to 
step 404). Note that the GPS correction information and the balance information can also be read from the IC card 232. 
[0465] if, however, the read area information is not the latest information (if the determination in step 402 is nega- 
tive), because the area information (tables) already stored in the memory can be used, GPS signals are received from 

25 the G PS satellites 20. 22, and 24 (step 406), the current date and time (year, month, date, and time) are read (step 408), 
and the position thereof, namely, the position of the vehicle 32 (latitude and longitude P (t)) is determined (step 410). 
Note that, when the latitude and longitude P (t) are detenmined it Is possible to use the stored GPS correction infonma- 
tion. 

[0466] Next, the determined latitude and longitude P (t) are matched with the map database stored in advance 
30 (step 412), and the area to which the latitude and longitude P (t) belong is decided (step 414). In the present embodi- 
ment, the latest area infomnation read from the above IC card is used in step 414. Next the latitude and longitude P (t), 
the date and time t, and the area are stored as vehicle location history (step 41 6). As a result, the areas in which the 
vehicle 32 is located with dates and times, at predetermined times, are stored as history. Table 9 shows an example of 
a list of vehicle location information. 

35 



Tables 



40 



45 



SO 



Time t 


Latitude and Longitude P (t) 


Area A (t) 


Charge 


Year 


Month 


Date 


Hour 


Minute 


Longitude 


Latitude 






1997 


11 


05 


08 


13 


E1 35-30-25 


N35-20-13 


G 


* 


1997 


11 


05 


08 


14 


El 35-30-49 


N35- 19-58 


G 


• 


1997 


11 


05 


08 


15 


El 35-30-55 


N35-19-32 


F 


* 


1997 


11 


05 


08 


16 


El 35-31-01 


N35-19-25 


F 




• • • 






• • « 


• • ♦ 










1997 


11 


05 


11 


24 


El 35-39-25 


N35-15-18 


B 




1997 


11 


05 


11 


25 


El 35-39-50 


N35-16-25 


B 




• « • 


• • « 


• • • 


• • • 


• • • 


• • • 


• • • 


• • • 





[0467] As seen above, the areas In which the vehicle 32 is located at predetermined times are stored with dates 
55 and times, as history. 

[0468] Next, the charge processing in the in-vehicle device 30 will be described. The charge processing in the 
present embodiment performs the same processing as the processing shown in Rg. 6. Note that, in tiie present embod- 
iment, the execution of this charge processing is in a starling state together with the execution of the area entry process- 
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ing. 

[0469] A determination is made as to whether or not conditions match (step 420 of Rg 6) lay making a determination 
in the in-vehicle device, as to whether or not it is the alaove predetermined data and time or as to whether or not an 
instruction has been given (in the present embodiment, whether or not the area entry processing has been perfomried) 

5 by the general center 40 in the case of the dovk^e mounted in a vehicle provided with a communication device. If the 
conditions do not match (if the determination in step 420 is negative), the current routine is ended. 
[0470] If, however, the conditions do match (If the detemilnation in step 420 is affirmative), the history information 
is obtained (step 422). This history information is a list of the vehicle location history that corresponds to the stored 
(processed in step 41 6 of Fig. 5) Table 3. Next, the calculation formula (charge calculation formula) is set (step 424). 

10 The calculation formula is determined by the above calculation conditions, and the charge calculation formula (2) shown 
as a general formula considering the area is set. 

[0471 ] Next, the toll is calculated (step 426) using the calculation fomnula set above and the history information. For 
example, when using the first charge calculation condition in which the charge amount of the toil Is determined by the 
number of entries into an area, because the unit price for each area is set by the table read from the IC card, it is pos- 

IS sible to calculate the charge amount of the toll by multiplication the number of entries to the unit price of the table read 
from the IC card. When the toll calculation has ended, the charge processing is executed (step 428). This charge 
processing is processing to deduct the charge amount determined above from the balance of the iC card 232. 
[0472] For example, when the calculation condition is solely the number of entries into an area and the history infor- 
mation is from the start point STP to the end point EDP, as is shown in Rg. 50, the charge amounts are as shown below 

20 for the route Rt and the route Rb. 

Rt charge amount = 300x1 + 100x1 + 100x0 + 100x1 +100x0+ 10x1 + 0x1 = ¥510 
Rbt charge amount = 300x0 + 1 00x0 + 1 00x0 + 1 00x1 + 1 00x0 + 1 0x1 + 0x1 = ¥ 1 1 0 

25 

[0473] Thus choosing a route that avoids the central portion means the charge amount is less. 
[0474] If the calculation condition is solely the length of time spent an area and the history information is from the 
start point STP to the end point EDP, as Is shown in Rg. 50, the charge amounts are as shown below for the route Rt 
and the route Rb. 

30 

Rt charge amount = 1 50x2 + 90x4 + 90x0 + 90x2 + 90x0 + 1 0x2 + 0x2 = ¥860 
Rb charge amount = 150x0 + 90x0 + 90x0 + 90x2 + 90x0 + 1 0x7 + 0x2 = ¥250 

35 [0475] Thus choosing a route that avoids the central portion means the charge amount is less. 

[0476] in this way, in the present embodiment, because area infomiation relating to a area In which a charge is 
applied can be stored in an IC card capable of being loaded in an In-vehicle device, and the area in which a charge is 
applied Is determined using that area information so that a charge amount can be obtained, even when a communica- 
tion device Is not Incorporated in the in-vehicle device, it is still possible to specify the area In which a charge is applied 

4o with ease and perform the correct charge processing. Moreover, even if the area in which a charge is applied varies, 
this can be dealt with simply by updating the area information stored in the IC card. 

[0477] Note that, in the above embodiment, a description was given for when the present Invention was applied to 
a case in which no communication device was incorporated in the in-vehicle device, however, the present invention is 
not limited by whether a communication device Is incorporated or not incorporated and can be applied to a case in 
45 Which an in-vehicle device incorporating a communication device is provided. In particular, in an in-vehicle device incor- 
porating a communication device, when the vehicle is located in an area where communication Is obstructed or Is out- 
side the communication area, it is possible to perform the correct charge processing by implementing the above 
processing. 

[0478] Furthermore, in the above description, the area in which a charge is applied was set as a fixed area, how- 
so ever, the present invention Is not limited to this, and the area in which a charge is applied may be able to be movably 
set In this case, the tenri of validity of the area in which a charge is applied can be set and the table only refenred to 
during this term of validity. 

(Eighth Embodiment) 

55 

[0479] The system structure according to the eight embodiment of the present invention is shown in Rg. 52. In the 
system of the present embodiment, there is provided a charge processing device 701 . Note that, in the present embod- 
iment, because the charge processing device 701 includes the functions of a notification device mounted in a vehicle. 
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it is described as the 701 in the description below. 

[0480] The in-vehicle notification device 701 serving as a charge processing device mounted in a vehicle commu- 
nicates with a notification station 730 via an inbuilt telephone unit 708 (described below) and an antenna ANTt so that 
data Is exchanged. Moreover, the in-vehide notification device 701 receives radio waves from satellites via the GPS 

5 antenna ANTg, and recognizes the position and traveling direction of the vehicle \jsing an inbuilt GPS position measur- 
ing device (720 - 726: described be(ow) and displays this together with a map Indicating the area through which the 
vehicle is traveling. When there are insufficient number of satellites whose waves are receivable or when receiving 
waves from the satellites are impossible, the insufficient Information is supplemented k>y vehicle position calculation by 
multiplication of the traveling speed and detection of the direction using a gyro. Alternatively, vehicle position recognition 

10 can be performed. 

[0481] Rg. 53 shows the structure of the in-vehicle notification device 701 . As is seen in Fig. 53» direct cunrent volt- 
age +B from the battery in the vehicle is constantly supplied to the in-vehicle notification device 701. A power supply 
circuit PSC supplies operating voltage to the CPUs of the GPS information processing RCU 720 and the notification 
control ECU 702. When the vehicle ignition switch IGsw is closed and the vehicle power supply is turned on. the power 
IS supply circuit PSC supplies operating voltage to all circuits of the in-vehicle notification device 701. 

[0482] TTie GPS position measuring device (720 - 728) is provided with a receiving antenna ANTg. a GPS receiver 

721. a GPS demodulator 722, a display device 724, a piezoelectric vibrating gyro 725, an altitude sensor 726, a GPS 
information processing ECU (Electronic Control Unit) 720, an operating board 723, a map search engine 727, and a 
map database 728. The 1 .57542 GHz radio waves transmitted from each of the GPS satellites are received by the GPS 

20 receiver 721 via the receiving antenna ANTg, and the information contained in the radio waves, namely, infomiation 
such as a function indicating the orbit of the satellites and the time and the like is demodulated by the GPS demodulator 

722. and input into the GPS information processing ECU 720. 

[0483] The GPS infonnation processing ECU 720 is a computer system based on mainly a microprocessor (CPU) 
and provided with almanac data memory and memory for a data buffer as well as an input / output interface (an electric 

25 or electronic circuit). The CPU generates infbnmation indicating the position of its host vehicle (latitude, longitude, alti- 
tude) based on the infomnation transmitted from the GPS satellites, and the search engine 727 reads map data of a 
page (screen) that includes the position from the map database 728 and displays this on the display device 724. The 
cun-ent position index that also shows the direction of travel is also displayed as well as the current position on the dis- 
play device. The basic structures of the reception antenna ANTg, the GPS receiver 721 . the GPS demodulator 722, and 

30 the display device 724, as well as the basic operation of the GPS infomnation processing ECU 720 are the same as the 
structural elements of Icnown devices already available on the market. 

[0484] However, in order to implement the present invention, a program is added to the operating program of the 
GPS information processing ECU 720 that perfomris the following. Namely, the cun-ent position (ground position) of a 
vehicle Q.e. the in-vehtele notification device 701 ), the direction of travel, and the cun-ent time are transmitted to the noti- 
35 fication control ECU 702 in response to a data transmission request from the notification control ECU 702. The notifi- 
cation control ECU 702 reads the transmitted charge area information and stores it in memory. The charge area is then 
displayed in superposition (as a half-tone dot meshing) in the area defined by the charge area Information, namely, the 
charge area on the map displayed on the display device 724. 

[0485] Analog signals output by the piezoelectric vibrating gyro 725 and the altitude sensor 726 are each input into 

40 the GPS Information processing ECU 720, and the CPU of the ECU 720 reads the signals after converting them into 
digital data via an A/D converter Information output from the GPS demodulator 722 and Information for controlling the 
GPS demodulator 722 is input Into or output from the CPU via the I/O port of the GPS infomnation processing ECU 720. 
The GPS information processing ECU 720 calculates three-dimensional coordinates Ux, Uy, Uz of the position of its 
host vehicle with a *3 satellite position measuring calculation' or a "4 satellite position measuring calculation". 

45 [0486] in the "3 satellite position measuring cak:ulation", in a predetermined three dimension simultaneous equa- 
tion throe sets of data received from three satellites are each substituted as parameters, and by solving this simultane- 
ous equation, any enror in the clock on the receiving side, latitude and longitude of the reception point, whteh are 
unknown numbers, are detemnined. The altitude of the reception point is detemilned, In this example, by calculation 
from the signal output from the altitude sensor 726, and Is substituted into the simultaneous equation as known data. 

50 In the "4 satellite position measuring calculation", In a predetermined four demension simultaneous equation four sets 
of data received from four satellites are each substituted as parameters, and by solving this simultaneous equation, any 
error in the clock on the receiving side, latitude, longitude, and attitude of the reception point, which are unknown num- 
bers, are determined. In addition, because any error in the clock on the receiving side can be determined by performing 
the position measuring calculation of any of these, the time of the Internal clock can be connected based on this error 

55 information. 

[0487] When the ground position infomnation is cateulated by GPS position measurement, the GPS information 
processing ECU 720 calculates the direction in whteh the vehtele is traveling by a comparison with the previously cal- 
culated ground position. On the basis of this lime calculated ground position, map data of the one page (one screen) 
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that includes the current position is read from the map data memory 728 and is displayed on the display device 724. A 
current position Index that also shows direction of travel Is displayed at the current position on the display. In addition, 
when at least a portion of the area defined by the charge area information, namely the charge area, received from the 
notification control ECU 702 and saved in the intemal memory, is included in the area displayed on the display device 

5 724, the charge area is displayed in superposition (in haif-tone dot meshing) over the area on the display screen. This 
additional display allows the driver to recognize area in which a charge is applied on the display screen of the display 
device 724. The notification control unit 702 is also a computer system centered around a microprocessor (CPU) and 
provided with art input / output interface (an electric or electronic circuit). The CPU is able to exchange transmissions 
of various types of information with the notification station 730 via the antenna AIMTl, the telephone unit 706» and the 

70 modem 707. The extension serial input / output board 706 performs the serial input and output of data, as well as serial 
/ parallel conversion input and output 

[0468] The voice of the driver that is input using the microphone MIC is converted into digital data indicating letters 
of words via a voice recognition unit 709, and is input into the CPU of the notification control ECU 702. Furthermorep 
the CPU notifies (aurally informs) the driver when necessary of messages (output information) using the in-vehicie 

IS speai<er SP via the voice synthesizing unit 71 0 and the switching switch SW71 1 . When voice data is output from the 
CPU, the switching switch SW711 switches the between the in-vehide audio and the speakers SP to a connection 
between the voice synthesizing unit 710 and the speakers SP. At this time, the CPU simultaneously displays the mes- 
sage conveyed to the driver by voice via the vehicle speaker SP alphabetically on the display unit 704. As a result, the 
driver is able to confirm a message from the CPU both aurally and visually. 

20 [0489] A card reader 705 for reading and writing data on an iC card CRD is connected to the notification control 
ECU 702. When an IC card CRD is inserted into a card insertion slot, the card reader 705 reads the data stored on the 
card CRD and transmits it to the notification control ECU 702. When the card reader 705 receives writing data from the 
notification control ECU 702, It ovenwrites (i.e. replaces previous data with this new writing data) this data in the IC card 
CRD. The information stored on the IC card is shown In Table 10. In the example shown in Table 10, the amount for a 

2S single issue of a card is ¥1 0,000. The balance of the card is ¥1 0,000 (i.e. the card is unused) and the card ID allocated 
by the issuer of the card is MYCAR003. The classification of the vehicle for which the card is applied for is a light vehicle 
and the vehicle ID (in this example, the number displayed on the vehicle number plate) is A123B568. The data in the 
charge table is for the charge area which the driver requests (applies for) directly after the issue of the card, and this 
data is written on the card by the issuer in accordance with the driver's application. If there is no such application (i.e. 

30 writing request), then there is no such writing. 



Table 10 



Data stored on card 


Item of information 


Content of information 


Card ID 


IWIYCAR003 


Card balance 


¥10000 


Vehk:le classification 


Light vehicle 


Vehicle ID 


A123B568 


Charge table 


• • • (Table 11) 



45 

[0490] An example of the data in a charge table is shown in Table 1 1 . The data of one set (one point) of the charge 
area information in Table 1 1 is positional information indicating one point on an outiine of the charge area. When there 
are only date of two sets (data of two points), date of each set means the posittons of opposite comers in a rectangle 
(square), and the charge area is rectangular. An example thereof is shown in l=ig. 58. 

so 



55 



54 



EP 1 050 853 A1 



10 



IS 



i— ^ 

b£ 

CO 



30 



35 



45 



g 

g 
I 

O 

6 



> 

•a 



o o 

cr> r-f 

o o 

CO CO 

w w 

o 
o 

O ON 

o to 

in ^ 



i 

> 
g 



o 



> 



a> 
o 

cd 

g 
I 

o 
H 





o 




o 


:00 


ON 

rH 


1 


1 

O 


O 


o 


o 






r-» 




4-1 


o 


O 


p- 


px 


cn 


C/5 






1 


J 


H 





5«* 



o 

CO 



•a 

o 

> 

•I 



.s 

o 
a, 

o 
u 



I 



3 § 
CO 



> 



50 



55 



OI 



[0491] When there are date of more than or equal to three sets, the positions (point) indicated by date of each set 
are Joined In order of the writing of the data sets, and the polygonal area that emerges when the last point is joined with 



55 



EP 1 050 853 A1 



the first point indicates the charge area. Because there are two sets of position (point) data in the example shown in 
Table 11 , the charge area is quadrangular (square). The toil information is differentiated by time slot and by type of vehi- 
cle. The term of validity of the table indicates the term of validity of the data. The table valid area information shows an 
outline that is shaped substantially the same as the charge area extended by approximately 600 meters outside the out- 

5 line of a charge area prescribed in the charge area information. When a plurality of charge areas are set, this table valid 
area infomiation is for allowing a charge table of a charge area that is near to it to be selected in the vehicle. 
[0492] The card Issuing and toll settlement spots shown In Fig. 52 (card Issuing and toll settlement booths) 771 - 
773 issue IC cards CRD. These spots (sen/ice centers) are provided in locations that provide easy access for a driver 
and that are as dose as possible to areas where the charge areas are set, such as in the vicinity of the notification sta- 

10 ' tion 730, in the catchment area of the notification station 730, outside the catchment area of the notification station 730, 
or the like. For example, they may be provided in local government buildings or branches thereof in the area in which 
the charge area is set In these spots, new IC cards can be issued, lost or damaged cards can be reissued, unpaid tolls 
(card balances in arrears) can be settled, and prepaid deposits can be increased (i.e. carti balances increased) in 
accordance with the wishes of a driver by a service operator or by an automatic machine. When these processings are 

IS perfonnned, the processing data Is transmitted to the notification station 730 via a public phone network and an 
exchange 760. In accordance with the received processing data, the notification station 730 updates the data in the 
observation datalsase WD6 when a new card is issued, a lost or damaged card is reissued, or a prepaid deposit is 
Increased, and updates the data in the arrears database CDS when an unpaid toll Is settled. 

[0493] The structure of the notification station 730 is shown in Rg. 54. In the notification station 730 there is a wire- 
20 less communication device 731 that modulates transmission data from a controller 732 into radio wave signals and 
sends it to an antenna 740, and also receives radio waves via the antenna 740, demodulates the received data and 
feeds it to the controller 732. The controller 732 is a computer system that is centered around a microprocessor (MPU) 
and is provided with an input / output Interface. Atenninal PC (a complete set comprising a personal computer, display 
unit, keyboard, mouse, printer), a charge database (memory) FDB, and an information control unit 733 are connected 
25 to the controller 732. The arrears database CDS, the observation database WDB, and the entry / exit vehtele database 
TDB are connected to the information control unit 733. 

[0494] A modem 734 is connected to the controller 732. The controller 732 is able to perform sound and data trans- 
mission with the control center 50 {Fig. 52) via this modem and the public communication circuit exchange 760 (Rg. 52). 
[0495] Figs. 55 and 56 show outlines of the notification control operation of the (CPU of the) notification control 

30 ECU 702. Rg. 55 will be looked at first The notification control ECU 702 waits for the ignition switch IGsw to be closed 
(Si: H), and when the ignition switch is closed, the notification control ECU 702 registers the data of the card CRD in its 
internal memory via the card reader 705 (steps SI to S4). If no card CRD has been loaded, the notification control ECU 
702 waits for a card to be loaded and then registers the data of the card CRD in internal memory. Note that, in the 
description below, inside the brackets the word "step" has been omitted with oniy the step number and the letter 8 

35 denoted. 

[0496] Next the card balance in the read card data is displayed on the display unit 704 (85). Next the notification 
control ECU 702 starts the timerTc for the time limit To (86), A data transmission request is then made to the GPS Infor- 
mation processing ECU 720, and data of the current position (ground position), the direction of travel, and the date and 
time is received from the GPS information processing ECU 720 and written to internal memory. The charge area infor- 
4o mation in the card data registered In internal memory is also sent to the GPS information processing ECU 720 (S7). 
When this charge area information is received, the GPS Information processing ECU 720 adds the charge area display 
(half tone dot meshing) to the corresponding area of the map displayed on the display device 724 that corresponds to 
the charge area Indicated by the charge area information. 

[0497] Next, the notification control ECU 702 checks whether the date and time received from the GPS information 
45 processing ECU 720 are within the period in which the table is valid in the charge table registered in internal memory, 
or whether the current position received from the GPS infomnation processing ECU 720 is within the area in which the 
table is valid (the table valid area) shown in the infomnation of the area in which the table is valid (the table valid area 
infomiation) in the charge table registered in internal memory (SBa). If the date and time are outside the perk>d in which 
the table is valid, or if the cun-ent position is outside the area In which the table is valid, then in this case, the charge 
so table does not fit the cun^ent area. Therefore, a charge table request is transmitted via the antenna ANTt (S9). At this 
time, the charge table request is transmitted together with the vehicle ID and card ID in the card data, the direction date 
and the position obtained from the GPS infomnation processing ECU 720. When the notification station 730 receives 
the charge table request, it saves the card ID, the vehicle ID, the position, and the direction data in intemal memory, and 
transmits the charge table (Table 1 1 ) in the charge database FDB (S41 - S44 in Fig. 47), 
55 [0498] When it receives this charge table, the notification control ECU 702 checks whether the date and time are 
within the period in which the table is valid in the charge table, or whether the current position received from the GPS 
information processing ECU 720 is within the area in which the table Is valid shown In the information of the area In 
which the table is valid (S8b). If the date and time are within the period in whteh the table is valid, and if the cun^ent posi- 
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tion is within the area in which the table is valid, the notification control means 702 registers (replaces with new data) 
the received charge table in internal memory and in the IC card CRD (SIC - S1 1). 

[0499] Next, looking at Rg. 56, thereafter the notification control ECU 702 checks at the time cycle To whether the 
current position is within a charge area indicated by the charge area information in the charge table or outside the 

5 charge areas (S12, S13, • • • S25 - S1 - S2 - S6 to S8a - SI 2. S13). If It is outside a charge area, and if the direction 
of travel is one that is approaching a charge area, then when the position is within 500 meters from the charge area, 
"charge area 500 meters ahead" is displayed on the display device 704 along with charge table infonnation (Table 1 1 ; 
however, the charge area Infonnation and the information of the area in which the table is valid are excluded). At the 
same time, notification such as "charge area is 500 meters ahead" is made by votee synthesis via the voice synthesiz- 

10 ing unit 710 and the speaker SP (SI 3 - 81 6 to S20). Moreover, when the cun-ent position is within 400 meters from the 
charge area, the display "charge area 500 meters ahead" on the display device 704 Is altered to "charge area 400 
meters ahead", and a notification of "charge area is 400 meters ahead" is also made (SI 3 - SI 6 - SI 7 - S21 to 824). 
[0500] Note that the charge area is displayed In superposition on the map displayed on the display device 724 in 
the step 87 repeated in the cycle Tc. Moreover, because the current position of the vehicle is shown on the displayed 

15 map as a direction attached index, the driver can recognize the position of the vehicle relative to the charge area and 
the direction of travel from the display on the display device 724. 

[0501] When the vehicle enters a charge area, the notification control ECU 702 writes "1" in the register (internal 
memory) so as to show that the vehicle has entered the area in which a charge Is applied, and clears the information 
showing that the vehicle is within 500 meters of the change area, and is within 400 meters of the charge area (RPF and 

20 RPS data in the register) (S27), and performs "charge processing" (828). 

[0502] In the charge processing (828), the notification control ECU 702 extracts the toll for the vehicle classification 
in the cand data from the charge tables registered in the intemal register, and the card balance in the card data in the 
internal memory is updated to a value reduced by the amount of the toll, and also similarly updates the data of the IC 
card CRD (S28). The balance displayed (displayed in 85) on the display unit 704 is also updated (S29). The notification 

25 control ECU 702 then transmits the vehicle entry notification data showing that the vehicle has entered the charge area 
to the notification station 730. At this time, the vehicle ID and the card ID in the card data, as well as the cun-ent direction 
and position obtained from the information processing ECU 720, and the card balance are transmitted (S30). When the 
notification station 730 receives this vehicle entry notification, the card ID, the vehicle ID, the position, the direction, and 
the card balance are saved in the intemal memory, and the information in the database is updated correspondingly to 

30 the contents of these sets of data. These contents are described below. The notification control ECU 702 checks whet- 
ter the card balance is a negative value Onsufficient toll payment) (831 ), and if the card balance Is a negative value, dis- 
plays "insufficient payment - settiement required" on the display devtee 704. Notification such as "card balance is 
insufficient Please settle debr by voice synthesizer is also made using the voice synthesizing unit 710 and the speaker 
SP (S32). 

35 [0503] After the above described "charge processing" has been executed when a vehicle has entered the charge 
area, the data In the register RAE is set at 1 , therefore, because the routine proceeds from step 26 to step 25, there is 
no repetition of the "charge processing" within the same charge area. When the (position of the) vehicle departs from 
the charge area, the notification control ECU 702 advances from step 812 to 813, and In step SI 4, the data In the reg- 
ister RAE is altered to 0 to indicate an area outside the charge area. Vehicle departure notification (i.e. that the vehicle 

40 has departed from the charge area) is then made to the notification station (S15). Namely, vehicle departure data show- 
ing that the vehicle has departed from the charge area is transmitted to the notification station 730. At this time, the vehi- 
cle ID and the card ID in the card data, as well as the current direction and position obtained from the GPS information 
processing ECU 720 are transmitted (815). When the notification station 730 receives this vehicle departure notifica- 
tion, the card ID, the vehicle ID, the position, and the direction are saved in tiie intemal memory, and the infomnation in 

45 the database is updated correspondingly to the contents of these sets of data. These contents are described below. 
[0504] After the vehicle departure notification (815), because the direction in which the vehicle is traveling is now a 
direction moving away from the charge area which the vehicle has lust transited, the notification control ECU 702 
advances from step Si 6 to step 825, and the relative distance notification relating to the charge area (817 to S24) is 
not performed. 

50 [0505] When the vehicle transits one charge area (the first charge area) as described above and travels towards 
another charge area (the second charge area), when the (cunrent position of the) vehicle leaves the area in which the 
table is valid that is indicated by the table valid area information of the first charge table representing the first charge 
area, the notification control ECU 702 moves from step SBa to 89 and transmits a charge table request This transmis- 
sion wave is received by a first notification station (830) addressed in the first charge area, and the first notification sta- 

55 tion transmits the first charge table. When the notification control ECU 702 receives the first charge table, in step 88b, 
the charge table received Is determined to be invalid. As a result, even if the notification control ECU 702 receives the 
first charge table after the vehicle has left tiie area in which the table is valid that is Indicated by the table valid area infor- 
mation of the first charge table representing the first charge area, this is not written on the IC card CRD or the intemal 
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memory. 

[0506] When the (current position of the) vehicle enters the table valid area of the second charge area, the notifica- 
tion control ECU 702 writes the second charge table transmitted by the second notification station in intemal memory 
and on the IC card CRD, and notification control is performed in the manner described above according to the data 
5 [0507] As described above, when a vehicle reaches a point 500 meters before a charge area, that fact is notified to 
the driver via the display deivice 704 and the spealcer SP, and information on the charge area is displayed on the display 
device 704. In addition, a notification is again made when the vehicle reaches a point 400 meters before the. charge 
area. Therefore, the driver has enough time decide whether or not to enter a charge area, and has enough time to 
choose a detour route. 

10 [0508] Rg. 57 shows an outline of the notification processing of the controller 732 of the notification station 730 
shown in Fig. 54. When the notification control ECU 702 of the in-vehicle notification device 701 of the vehicle transmits 
a charge table request in step S9 including the card ID, the vehicle ID, the position, and the direction, the controller 732 
of the notification station 730 receives the request and saves data representing the card ID, vehicle ID, position, and 
direction in intemal memory, and in response to this request (S41, S42), transmits a charge table in the database FDB 

IS via the antenna 740 (S44). A search is then made (S45) via the control unit 733 as to whether or not the received card 
ID or vehicle ID is the ID of a vehicle that has been in a collision, or has been stolen, or whether the card is a problem 
card (i.e. lost or damaged, stolen, scrapped through reissue, or illegally copied) stored In the observation database 
WDB. If the card ID or vehicle ID is one of the above, the card ID, the vehicle ID = vehicle No..., the contents of the prob- 
lem, the current position (reception data), and the current time are displayed on the terminal PC display unit and printed 

20 out as an observation data set and are also transmitted to the control center 750 and card issuing and toll settlement 
booths 771 to 773. These are able to perform data registration or take action in accordance with the content of the prob- 
lem. 

[0509] The notification control ECU 702 of the in-vehicle notification device 701 transmits vehicle entry notification 
data showing that a vehicle has entered a charge area. When the controller 732 of the notification station 730 receives 

25 this, the controller 732 saves the card ID, the vehicle ID, the current position, the direction, and the card balance In inter- 
nal memory, specifies the entry road (the entrance / exit to the area) based on the position data, and increments by one 
the number of vehicles that have entered at this entry road in the entry and departure vehicle database TDB (S48). A 
check is then made as to whether or not the card balance is negative (minus) (S49). If the card balance is negative, the 
data (card ID, vehicle ID, current position, direction, and card balance) is supplied to the terminal PC and displayed on 

30 the display and printed out. A check is then made via the control unit 733 as to whether the card ID or vehicle ID are in 
the an'ears database CDB. If they are in the arrears database, the card balance of the relevant item in the arrears data- 
base CDB is updated the new value. If they are not in the arrears database, this newly acquired data (card ID, vehicle 
ID, current position, direction, and card balance) is registered for the first time in the arrears database CDB (S50). The 
ID check and the like described above (S45, S46) are then performed. 

35 [0510] The notification control ECU 702 of the in-vehicle notification device 701 transmits vehfcle departure notifi- 
cation data showing that a vehicle has departed from a charge area. When the controller 732 of the notification station 
730 receives this (S53), the controller 732 saves the card ID. the vehicle ID, the current position and the direction in 
intemal memory, specifies the departure road (the entrance / exit to the area) based on the position data, and incre- 
ments tsy one the numt>er of vehk^les that have departed at this departure road in the entry and departure vehtele data- 

^ base TDB (S54). The ID check and the like described above (S45, S46) are then perfomied. 

[0511] When the transmitted settlement data (the card ID, the vehicle ID and the card balance) is sent from the card 
issuing and toll settlement spots 771 to 773, If the received card balance is positive, the controller 732 erases the data 
of the relevant ID in the arrears database CDB (erases the arrears register). If the card balance is still negative (minus), 
the card balance of the relevant ID Is updated to the received card balance. 

45 [0512] The data of the databases CDB, FDB, WDB, and TDB can be controlled (i.e. read, transferred, output, writ- 
ten, and erased) by the terminal PC and the control center 750. When the terminal PC or control center 750 accesses 
the controller 732, the controller 732 performs data processing (i.e. reading, transferring, outputting, writing, and eras- 
ure) in accordance with the instruction thereof (S58). The control center 750 is intended to carry out traffic control and 
charge collection control Inside and outside the charge area, as well as observation and tracking of problem cards and 

so vehkries. In order to carry out traffic control, the control center 750 regularly, and when appropriate, refers to the data 
in the vehicle entry and departure database TDB, and calculates the number of vehicles present within the charge area 
(the sum of the number of vehicles that have entered each charge area minus the number of vehicles that have exited 
each charge area) and differential values thereof (congestion trends, easing trends) for predetermined time spots so as 
to ascertain the trends in the traffic volume. The control center 750 publicly reports traffic information over short time 

55 periods, and over long time periods corrects or abolishes the charge tables. In the toll collection control, the task of col- 
lecting an unpaid toll from (the owner of) the vehicle for which the absolute value of the negative value of the card bal- 
ance in the arrears database CDB is the large is performed. Data of the observation database WDB is used for finding 
problem cards and vehteles. 
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[0513] An emergency notification switch is fonned in an operation / display board 703 connected to the notification 
control ECU 702 of the in-vehicle notification device 701. When the driver operates this switch, the notification control 
ECU transmits in a predetermined cycle emergency data that includes the vehicle ID, the current position, and the direc- 
tion via the antenna AIMTt. When it receives this, the notification station 730 displays the fact that an emergency has 
5 occurred, the vehicle ID, the current position, and the direction on the terminal PC and also prints out this Information. 
It also transmits the emergency data to the control center 750 (SSI, S52). 

[0514] The example described above is a charge system in which the Inner side of each Interchange in a highway 
road network (i.e. on the highway), intermediate points, specific areas in a surface road network, and the like are set as 
charge areas, and a charge is made on vehicle transiting these locations. However, the present invention is not limited 
10 only to a charge system, arid may also be implemented in a traffic information system for reporting information on traffic 
regulations in specific areas, or congestion information or the like, or in an automatic notification system for giving guid- 
ance and warnings (i.e. comments on areas, guidance, items of caution within an area, entry prohibitions, danger warn- 
ings) relating to specifk: areas. 

15 (Ninth Embodiment) 

[0515] In the present embodiment, the present invention is applied to an automatic charge system for performing 
the charge processing of a toll facility (area in which a charge is applied) automatically. Note that, because the present 
embodiment is substantially the same as the above embodiments, the same portions are given the same descriptive 

20 symbols and a detailed description thereof is omitted. 

[0516] The conceptual structure according to the present embodiment is the same as that structure shown in Rg. . 
52. Note that, in the present embodiment, because the charge processing device 701 also functions as a charge 
processing devtee incorporated into a vehicle. In the description below, the charge processing device 701 in Fig. 53 is 
described as the in-vehicle charge devk:e 701. 

25 [051 7] The in-vehtde charge device 701 serving as a charge processing device incorporated Into a vehicle commu- 
nicates with the notification station 730 via the in-built telephone unit 708 and the antenna ANTt so as to exchange data 
therewith. Moreover, radio waves are received from satellites via the GPS antenna AIMTg enabling the position and 
direction of travel of the vehicle to be recognized using the inbuilt GPS position measuring device (720 to 728: described 
below), and these are displayed together with a map displaying the area being transited. When the number of receiva- 

■ 30 ble satellites is insufficient or when the wave reception from the satellite is insufficient the missing information is sup- 
plemented by calculating the vehicle position by detecting the direction using a gyro and estimating the traveling speed. 
Alternatively, vehicle position recognition is performed. 

[0518] Next, the in-vehicle charge device 701 will be described. Note that the structure of the in-vehide charge 
devkse 701 is the sane as the structure In Rg. 53. Direct current voltage +B from the battery in the vehicle is constantly 
35 supplied to the In-vehicle charge device 701 . A power supply circuit PSC supplies operating voltage to the CPUs of the 
GPS Information processing ECU 720 and the charge control ECU 2. As a result, data is constantly held (stored) in the 
internal memory of the GPU of the charge control ECU 702 and in the internal memory that is outside the CPU but is 
inside the charge control ECU 702. 

[0519] When the vehicle ignition switch (Inten-uption Instruction means) IGsw is closed (i.e. the vehicle power sup- 
40 ply is turned on), the power supply circuit PSC supplies operating voltage to all circuits of the In-vehicle charge device 
701 . The opening of the ignition switch IGsw (Si = L) instmcts that the measuring of the length of time elapsed with the 
vehicle staying inside the charge area is to be ended (interrupted). The closing of the ignition switch IGsw (Si = H) 
instructs that the measuring of the length of time elapsed with the vehicle staying Inside the charge area is to be con- 
tinued. 

45 [0520] The GPS position measuring device (720 - 728) is provided with a receiving antenna ANTg, a GPS receiver 

721 , a GPS demodulator 722, a display device 724. a piezoelectric vibrating gyro 725, an altitude sensor 726, a GPS 
infonnation processing ECU (Electronic Control Unit) 720. an operating board 723, a map search engine 727, and a 
map database 728, The 1 .67542 GHz radio waves transmitted from each of the GPS satellites are received by the GPS 
receiver 721 via the receiving antenna ANTg, and tiie Information contained in the radio waves, namely, Information 

. 50 such as a function indicating the orbit of the satellites and the time and the like is demodulated by the GPS demodulator 

722, and input into the GPS information processing ECU 720. The GPS infonnation processing ECU 720 is a computer 
system based on mainly a microprocessor (CPU) and provided with almanac data memory and memory for a data 
buffer as well as an input / output interface (an electric or electronic circuit). The CPU generates information indicating 
the position of its host vehicle (latitude, longitude, altitude) based on the information transmitted from the GPS satellites, 

55 and the search engine 727 reads map data of a page (screen) that includes tiie position from the map database 728 
and displays this on the display device 724. The current position index that also shows the direction of travel is also dis- 
played as well as the current position on the display unit 

[0521 ] The baste structures of the reception antenna ANTg, ttie GPS receiver 721 , ttie GPS demodulator 722, and 



59 



EP 1 050 853 A1 



the display device 724, as well as the basic operation of the GPS information processing ECU 720 are the same as the 
structural elements of known devices already available on the market 

[0522] However, in order to implement the present invention, a program is added to the operating program of the 
GPS information processing ECU 720 that performs the following. Namely, the current position (ground position) of a 

5 vehicle (i.e. the in-vehtele charge device 701 ), the direction of travel, and the current time are transmitted to the charge 
control ECU 702 in response to a data transmission request from the charge control ECU 702. The charge control ECU 
702 reads the transmitted charge area information and stores It In internal memory. The charge area is then displayed 
in superposition (as a half-tone dot meshing) in the area defined fciy the charge area information, namely, the charge 
area on the map displayed on the display device 724. 

10 [0523] Analog signals output by the piezoelectric vibrating gyro 726 and the altitude sensor 726 are each input into 
the GPS information processing ECU 720, and the CPU of the ECU 720 reads the signals after converting them into 
digital data via an A/D converter. Information output from the GPS demodulator 722 and information for controlling the 
GPS demodulator 722 is Input into or output from the CPU via the I/O port of the GPS information processing ECU 720. 
[0524] The GPS information processing ECU 720 calculates three-dimensional coordinates Ux, Uy, Uz of the posi- 

15 tion of its host vehk:le with a "3 satellite position measuring calculation" or a "4 satellite position measuring calculation". 
[0525] In the "3 satellite position measuring cak:ulation', in a predetemilned three dimension simultaneous equa- 
tion three sets of data received from three satellites are each substituted as parameters, and by solving this simultane- 
ous equation, any error in the clock on the receiving side, latitude and longitude of the reception point, which are 
unknown numbers, are determined. The attitude of the reception point is determined, in this example, by calculation 

20 from the signal output from the attitude sensor 726, and is substituted into the simultaneous equation as known data. 
In the "4 satellite position measuring calculation*, in a predetenmined four dimension simultaneous equation four sets 
of data received from four satellites are each substituted as parameters, and by solving this simultaneous equation, any 
error in the clock on the receiving side, latitude, longitude, and altitude of the reception point, which are unknown num- 
bers, are determined. In addition, because any error in the dock on the receiving side can be determined by performing 

25 the position measuring calculation of any of these, the time of the internal clock can be con-ected based on this error 
information. 

[0526] When the ground position infomnation is calculated by GPS position measurement the GPS information 
processing ECU 720 cateulates the direction in whteh the vehicle is traveling by a comparison with the previously cal- 
culated ground position. On the basis of this time cateulated ground position, map data of the one page (one screen) 

30 that includes the cun-ent position is read from the map data memory 728 and is displayed on the display device 724. A 
current position index that also shows direction of travel is displayed at the current position on the display. In addition, 
when at least a portion of the area defined by the charge area information, namely the charge area, received from the 
charge control ECU 702 and saved in the internal memory is included in the area displayed on the display device 724, 
the charge area is displayed in superposition (in half-tone dot meshing) over the area on the display screen. This addi- 

35 tional display allows the driver to recognize area in whfch a charge is applied on the display screen of the display device 
724, 

[0527] The charge control ECU 702 is also a computer system centered around a microprocessor (CPU) and pro- 
vided with an input / output interface (an electric or electronic circuit). The CPU is able to exchange transmissions of 
various types of information with the notification staff on 730 via the antenna ANTt, the telephone unit 708, and the 
40 modem 707. The extension serial input / output board 706 performs the serial input arid output of data, as welt as serial 
/ parallel conversion Input and output. 

[0528] The voice of the driver that is input using the microphone MIC is converted Into digital data indicating tetters 
of words via a voice recognition unit 709, and is input into the CPU of the charge control ECU 702. Furthermore, the 
CPU notifies (aurally informs) the driver when necessary of messages (output information) using the in-vehicle speaker 

45 SP via the voice syntiiesizing unit 71 0 and the switching switch SW71 1 . When voice data is output from the CPU, the 
switching switch SW71 1 switches the connection between the in-vehicle audio and the speakers SP to a connection 
between the voice synthesizing unit 710 and the speakers SR At this time, the CPU simultaneously displays the mes- 
sage conveyed to the driver by voice via the vehicle speaker SP alphabetically on the display unit 704. As a result, tiie 
driver is able to confirm a message from the CPU both aurally and visually. 

so [0529] A card reader 705 for reading and wilting data on an IC card CRD is connected to the charge control ECU 
702. When an IC card CRD Is inserted into a card insertion slot, and when the charge control ECU 702 requests a data 
transmission, the card reader 705 reads the data stored on the card CRD and transmits it to tiie charge control ECU 
702. When the card reader 705 receives writing data from the charge control ECU 702. it ovenwrites (i.e. replaces pre- 
vious data with this new writing data) this data in the IC card CRD. 

55 [0530] The infomriation stored on the IC card is shown in Table 12. In the example shown in Table 12, the amount 
for a single issue of a card is ¥10,000. The balance of the card is ¥10,000 (i.e. the card is unused) and the card ID allo- 
cated by the issuer of the card is M YCAR003. The classification of the vehicle for which the card is applied for is a light 
vehicle and the vehicle ID (In this example, the number displayed on the vehicle number plate) is A123B568. The data 
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in the charge table is for the charge area which the driver requests (applies for) directly after the issue of the card, and 
this data is written on the card by the issuer in accordance with the driver's application, If there is no such application 
(i.e. a writing request), then there is no such writing. 



Table 12 



Data stored on card 


Item of infonnation 


Content of information 


Card ID 


MYCAR003 


Card balance 


¥10000 


Vehicle classification 


Light vehicle 


Vehicle ID 


A123B568 


Charge table 


• • • (Table 13) 



[0531] Three examples of charge table data are shown in Tables 1 3, 14, and 1 5. The charge table in the time units 
20 shown In Rg. 13 is used for charging the vehicle in the charge area indicated by the charge area infomrtation a toll that 
corresponds to the length of time that the vehicle is inside the area except parking not parked. The charge table in the 
distance units shown in Fig. 14 is used for charging a toll that con^esponds to the distance traveled by a vehicle inside 
an area. The charge table charging for each entry shown in Rg. 15 Is used for charging a toll that con^sponds to the 
number of entries (uses). 
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The data of one set (one point) of the charge area information in the charge tables is positional Information indicating 
one point on an outline of the charge area. When there are only date of two sets (data of two points), date of each set 
means the positions of opposite comers in a rectangle (square), and the charge area is rectangular (an example thereof 
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is the same as that shown in Rg. 68). 

[0532] When there are date of more than or equal to three sets, the positions (points) Indicated by date of each set 
are joined in order of the writing of the data sets, and the polygonal area that emerges when the last point is joined with 
the first point Indicates the chaige area. Because there are two sets of position (point) data In the examples shown in 
5 Tables 13 to 15, the charge area is quadrangular (square). The toll information is differentiated by time slot and by type 
of vehicle. 

[0533] The temn of validity of the table indicates the term of validity of the data. The Information of the area in which 
the table is valid shows an outline that is shaped sulDStantially the same as the charge area extended by approximately 
600 meters outside the outline of a charge area prescribed in the charge area information. When a plurality of charge 
10 areas are set. this information of the area in which the table is valid is for allowing a charge table of a charge area that 
is near to it to be selected In the vehicle. 

[0534] The card issuing and toll settlement spots (card issuing and toll settlement booths) 771 - 773 (see Fig, 52) 
issue tC cards CRD. These spots (service centers) are provided In locations that provide easy access for a driver and 
that are as close as possible to areas where tiie charge areas are set, such as in the vicinity of the notification station 

IS 730, in the catchment of the notification station 730, outside the catchment area of the notification station 730, or the 
like. For example, they may be provided In local government buildings or branches thereof in the area in which the 
charge area Is set. In these spots, new tC cards can be Issued, lost or damaged cards can be reissued, unpaid tolls 
(card balances in arrears) can be settled, and prepaid deposits can be increased (i.e. card balances increased) in 
accordance with the wishes of a driver by a service operator or by an automatic machine. When these processings are 

20 performed, the processing data is transmitted to the notification station 730 via a public phone network arid an 
exchange 760. In accordance with the received processing data, the notification station 730 updates the data in the 
observation database WDB when a new card is issued, a lost or damaged card is reissued, or a prepaid deposit is 
increased, and updates the data in the arrears database CDB when an unpaid toll is settled. 

[0535] The structure of the information station 730 is shown next Note that the structure of the information station 
25 730 is the same as the structure shown in Rg. 54. In the notification station 730 there is a wireless communication 
device 731 that modulates transmission data from a controller 732 into radio wave signals and sends it to an antenna 
740, and also receives radio waves via the antenna 740, demodulates the received data and feeds it to the controller 
732. The controller 732 is a computer system that is centered around a mteroprocessor (MPU) and is provided with an 
input / output interface. A terminal PC (a complete set comprising a personal computer, display unit, keyboard, mouse, 
30 printer), a charge database (memory) FDB, and an infomnation control unit 733 are connected to the controller 732. The 
arrears database CDB, the observation database WDB, and the entry / exit vehicle database TDB are connected to the 
information control unit 733. 

[0536] A modem 734 is connected to the controller 732. The controller 732 is able to perform sound and data trans- 
mission with the control center 50 (Fig. 52) via this modem and the public communication circuit exchange 760 (Rg. 52), 

35 [0537] An outiine of the charge control operation of the (CPU of the) charge control ECU 702 is shown in Rgs. 59 
and 60. Fig. 59 will be looked at first The charge control ECU 702 waits for the ignition switch IGsw to be dosed (SI : 
IH), and when the ignition switch is closed, the charge control ECU 702 registers the data of the card CRD in its internal 
memory via the card reader 705 (steps M1 to M4). If no card CRD has been loaded, the charge control ECU 702 waits 
for a card to be loaded and then registers the data of the card CRD in Internal memory. Note that, in the description 

40 below, inside the brackets the word "step" has been omitted with only the step number and the letter M denoted. 

[0538] Next, the card balance in the read card data is displayed on the display unit 704 (M5). Next, the charge con- 
trol ECU 702 starts the timer Tc for the time limit Tc (M6). A data transmission request is then made to the GPS infor- 
mation processing ECU 720, and data of the current position (ground position), the direction of travel, and the date and 
time is received from the GPS Information processing ECU 720 and written to Internal memory. The charge area Infor- 

45 mation in the card data registered in internal memory is also sent to the GPS Information processing ECU 720 (MT). 
When this charge area information is received, the GPS infomnation processing ECU 720 adds the charge area display 
(half tone dot meshing) to the corresponding area of the map displayed on the display device 724 that corresponds to 
the charge area indicated by the charge area infomnation. 

[0539] Next, the charge control ECU 702 checks whether the date and time received from the GPS information 
50 processing ECU 720 are within the period In which the table is valid In the charge table registered in internal memory, 
or whether the current position received from the GPS information processing ECU 720 is within the area in which the 
table is valid shown in the information of the area in which the table is valid in the charge table registered in internal 
memory (M8). If the date and time are outside the period in which the table Is valid, or if the current position is outside 
the area In which the table Is valid, then in this case, the charge table does not fit the current area. Therefore, a charge 
55 table request is transmitted via the antenna ANTt (M9). At this time, the charge table request is transmitted together with 
the vehk:le ID and card ID in the card data, the position obtained from the GPS information processing ECU 720, and 
the direction data. When the notification station 730 receives the charge table request it saves the card ID, the vehicle 
ID, the position, and the direction data in intemal memory, and transmits the charge table (Table 13, 14, or 15) In the 
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charge database FDB (M41 - M44 in Fig. 61). 

[0540] When it receives this charge table, the charge control ECU 702 checks whether the date and time are within 
the period in which the table is valid In the charge table, or whether the current position received from the GPS infomna- 
tion processing ECU 720 is within the area in which the table is valid shown in the infomnation of the area in which the 
5 table is valid (M10, Mil). If the date and time are within the period in which the table is valid, and if the current position 
Is within the area In which the table Is valid, the charge control ECU 702 registers (replaces with new data) the received 
charge table in internal memory and In the IC card CRD (M12). 

[0541] Next as seen In Rg. 59, thereafter the charge control ECU 702 checks at the time cyde Tc whether the cur- 
rent position is within a charge area indicated by the charge area Information in the charge table or outside the charge 

10 areas (Ml 3 to M34 - Ml to Mil - M 1 3). If it is outside a charge area, and if the direction of travel is one that is approach- 
ing a charge area, then when the position is within 500 meters from the charge area, "charge area 600 meters ahead" 
is displayed on the display device 704 along with charge table infonnation (however, the charge area infomriation and 
the information of the area In which the table is valid are excluded). At the same time, notification such as "charge area 
is 500 meters ahead" is made by voice synthesis via the voice synthesizing unit 71 0 and the speaker SP (M1 3 to M1 9). 

15 [0542] Moreover, when the current position is within 400 meters from the charge area, the display 'charge area 500 
meters ahead* on the display unit 704 is altered to 'charge area 400 meters ahead', arid a notification of "charge area 
is 400 meters ahead" is also made (M 1 3 to M1 6 - M20 to M23). 

[0543] Note that the charge area is displayed in superposition on the map displayed on the display device 724 in 
the step M7 repeated in the cycle Tc. Moreover, because the current position of the vehicle is shown on the displayed 
20 map as a direction attached index, the driver can recognize the position of the vehicle relative to the charge area and 
the direction of travel from the display on the display unit 724. 

[0544] When the vehicle enters a charge area, the charge control ECU 702 writes "1 ' in the register (internal mem- 
ory) so as to show that the vehicle has entered the area in which a charge is applied, and clears the information showing 
that the vehicle is within 500 meters of the charge area, and is within 400 meters of the charge area (RPF and RPS data 

25 in the register) (13, 24, 25), and notifies the notification station 730 that a vehicle has entered the charge area (M26). 
At this time, an entry report with data indicating the vehicle ID and the card ID in the card data, as well as the current 
position and direction obtained from the GPS information processing ECU 720, and the card balance attached thereto 
is transmitted to the notification station 730. When the notification station 730 receives this vehicle entry notification, the 
card 10, the vehicle ID, the position, the direction, and the card balance are saved in the internal memory, and the infbr- 

30 mation in the database that corresponds to the contents of these sets of data Is updated. These contents are described 
below. 

[0545] While the current position is inside the charge area, the charge control ECU 702 repeatedly executes the 
"intermediate charge processing" (M27) at a cycle Tc. In this "Intermediate processing" (M27), the toll information in the 
charge tables (= charge tables of the IC card CRD) in internal memory is referred to and a check is made as to whether 
35 the charge table Is for a time charge (Table 13), for a distance traveled (Table 14), or for a charge per transit (use) (Table 
1 6). If the charge table is for a charge per transit the routine proceeds to the next step M34. 

[0546] When the charge table is for a time charge (Table 13), the toll Ft/hour for the current time forthe vehicle clas- 
sification (light, medium, heavy) registered in the IC card CRD is extracted from the charge table and the time toil AFA 
for the time Tc (seconds) Is calculated as follows: 

40 

AFA = Tc (sees) x Ft / ¥3600. 

[0547] The sum (RAF + AFt), the value RAF of the toll accumulation thus far, as indicated by the data in the toll 
accumulation register RAF allocated in the internal memory of the charge control ECU 702, Is calculated, and this sum 
45 (RAF + AFt) is updated in the toll accumulation register RAF (M27). 

[0548] When the charge table is for a distance traveled charge (Table 1 4), the toll Fd/Km for the current time for the 
vehfcle type classification (light, medium, heavy) registered in the IC card CRD is extracted from the charge table and 
the travel toll AFd for the time Tc (seconds) is calculated as follows: 

so AFd = Tc (sees) x speed (KM /h) x Ft / ¥3600. 

[0549] The sum (RAF + AFd), the value RAF of the toll accumulation thus far, as indicated by the data in the toll 
accumulation register RAF allocated in the internal memory of the charge control ECU 702, is calculated, and this sum 
(RAF + AFd) Is updated In the toll accumulation register RAF (M27). 
55 [0550] If the (cun-ent position of the) vehicle departs from the charge area, the charge control ECU 702 advances 
from steps Ml 3 and Ml 4 to step M28. Ij step M28, the data in the register RAE is altered to "0" which indicates that the 
vehicle has left the charge area, and the 'charge deduction processing" (M29) Is performed. 

[0551] In the "charge deduction processing" (M29). the charge control ECU firstly refers to the charge information 
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in the charge table in Internal memory and checks whether or not the charge table Is one for when a charge is made for 
each single transit If this is the case, the toil that corresponds to the vehicle type classification in the card data In the 
charge table is extracted and the card balance in the card data in the internal memory is updated to a value from which 
this toll amount has been deducted. In the same way, the data of the IC card CRD is also updated. The data in the toll 
5 accumulation register RAF is then cleared. 

[0552] If the charge table is not one for when a charge is made for each single transA, the card balance in the card 
data in Internal memory is updated to a value from which the value of the toll accumulation register RAF has been 
deducted. In the same way, the data of the IC card CRD is also updated. The data in the toll accumulation register RAF 
is then cleared. 

10 [0553] Next, the charge control ECU 702 updates the balance displayed (displayed in step M5) on the display 
device 704 (M30) and transmits the vehicle departure notification data to the notification station 730. At this time, the 
vehicle ID and the card ID In the card data, as well as the current position and direction obtained from the GPS infor- 
mation processing ECU 720, and the card balance are also transmitted (M31). When it receives this vehicle departure 
notification, the notification station 730 saves the card ID, the vehicle ID, the position, the direction, and the card balance 

IS in internal memory, and the Information in the database is updated correspondingly to the contents of these sets of 
data. These contents are described below. 

[0554] The charge control ECU 702 checks whether or not the card balance is a negative value (insufficient toll pay- 
ment) (M32), and if the card balance Is a negative value, displays "insufficient p^ment - settlement required' on the 
display device 704. Notification such as 'card balance is insuffictent Please settie debT by voice synthesizer is also 
20 made using the voice synthesizing unit 71 0 and the speaker SP (M33). 

[0555] After the vehicle departure notification (M31), because the direction in which the vehicle is traveling is a 
direction away from the charge area just transited, the charge control ECU 702 advances from step Ml 5 to step M32 
and does not execute the relative distance notification for the charge area (M1 6 to M23). 

[0556] When tiie vehicle transits one charge area (the first charge area) as described above and travels towards 

25 another charge area (the second charge area), when the (current position of the) vehicle leaves the area in which the 
table is valid that Is indicated by the table valid area information of the first charge table representing the first charge 
area; the charge control ECU 702 moves from step M8 to M9 and transmits a charge table request This transmission 
wave is received by a first notification station (M30) addressed in the first charge area, and the first notification station 
transmits the first charge table. When the charge control ECU 702 receives the first charge table, the charge table 

30 receh/ed in step M10 Is determined to be invalid. As a result, even If the charge control ECU 702 receives the first 
charge table after the vehicle has left the area in which the table is valid that is indicated by the table valid area infer- 
mation of the first charge table representing the first charge area, this is not written on the IC card CRD or the internal 
memory. When the (current position of the) vehicle enters the table valid of the second charge area, the charge control 
ECU 702 writes the second charge table transmitted by an unillustrated second notification station in internal memory 

35 and on the IC card CRD, and notification control is performed in the manner described above according to the data. 
[0557] As described above, when a vehicle reaches a point 500 meters before a charge area, that fact is notified to 
the driver via the display device 704 and the speaker SP, and information on the charge area is displayed on the display 
device 704. In addition, a notification is again made when the vehicle reaches a point 400 meters before the charge 
area. Therefore, the driver has enough time to decide whether or not to enter a charge area, and has enough time to 

4o choose a detour route. 

[0558] The check In step M1 as to whether or not the ignition key switch IGsw is closed (Si = H) Is intended to deter- 
mine whether or not the vehicle is parked. When the vehicle enters a charge area in which the above described time 
toll charge table (Table 13) is applied, then when the ignition key switch IGsw is open (Si = L: an interrupt instruction to 
intemjpt the timing for the charging), the charge control ECU 702 waits for the Ignition key switch IGsw to be closed (Si 

45 = H: an Instruction for the timing for the charging), and does not perform the "Intermediate charge processing" of step 
M27 while waiting. Therefore, the time the vehicle is parked Inside the charge area does not fall within the length of time 
the vehicle has stayed inside the charge area for a charge amount for a two hour toll to be calculated. 
[0559] Fig. 61 shows an outline of the notification processing of the controller 732 of the notification station 730 (see 
Rg. 54). When the charge control ECU 702 of the in-vehicle charge device 701 of the vehicle transmits a charge table 

so request In step M9 that Includes the card ID, the vehicle ID, the position, and the direction, the controller 732 of the noti- 
fication station 730 receives the request and saves data representing the card ID, vehicle ID, position, and direction In 
internal memory, and in response to this request (M41 , M42) transmits a charge table in the database FDB via the 
antenna 740 (M44). A search is then made (M45) via the control unit 733 as to whether or not the received card ID or 
vehicle ID is the ID of a vehicle that has been In a collision, or has been stolen, or whether the card Is a problem card 

55 (i.e. lost or damaged, stolen, scrapped through reissue, or illegally copied) stored in the observation database WDB. If 
the card ID or vehicle ID is one of the above, the card ID, the vehicle ID = vehicle No..., the contents of the problem, the 
cun^ent position (reception data), and the cun^ent time are displayed on the terminal PC display unit and printed out as 
art observation data set and are also transmitted to the control center 750 and card issuing and toll settiement booths 
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771 to 773. These establishments are able to perform data registration or take action in accordance with the content of 
the problem. 

[0560] The charge control ECU 702 of the tn-vehlcle charge device 701 transmits vehicle departure notification 
data showing that a vehicle has departed from a charge area. When the controller 732 of the notification station 730 

5 receives this, the controller 732 saves the card ID, the vehicle ID, the current position* the direction, and the card bal- 
ance in internal memory, specifies the departure road (the entrance / exit to the area) based on the position data, and 
increments by one the number of vehicles that have departed at this entry road in the entry and departure vehicle data- 
base TDB (M48), A check Is then made as to whether or not the card balance is negative (minus) (M49). If the card bal- 
ance is negative, the data (card ID, vehicle ID, current position, direction, and card balance) is supplied to the terminal 

10 PC and displayed on the dispfay unit and printed out. A check is then made via the control unit 733 as to whether the 
card ID or vehicle ID are In the arrears database CDB. If they are In the arrears database, the card balance of the rele- 
vant item in the arrears database CDB is updated to the new value, if they are not in the arrears database, this newly 
acquired data (card ID, vehicle ID, current position, the direction, and card balance) Is registered for the first time in the 
arrears database CDB (M50). The ID check and the like described above (MAS, M46) are then performed. 

15 [0561] The charge control ECU 702 of the in-vehicle charge device 701 transmits vehicle entry notification data 
showing that a vehicle has entered a charge area. When the controller 732 of the notification station 730 receives this 
(M53), the controller 732 saves the card ID, the vehicle ID. the current position and the direction in internal memory, 
specifies the entry road (the entrance / exit to the area) based on the position data, and increments by one the number 
of vehicles that have entered at this entry road in the entry and departure vehicle database TDB (M54). The ID check 

20 and the like described above (M45, M46) are then perfonned. 

[0562] When the transmitted settlement data (the card ID, the vehicle ID and the card balance) insert from the card 
issuing and toll settlement spots 771 to 773, If the received card balance is positive, the controller 732 erases the data 
of the relevant ID in the arrears database CDB (erases the arrears register). If the card balance is still negative (minus), 
the card balance of the relevant ID is updated to the received card balance. 

25 [0563] The data of the databases CDB, FDB, WDB, and TDB can be controlled (i.e. read, transferred, output writ- 
ten, and erased) by the tenminal PC and the control center 750. When the tenminal PC or control center 750 accesses 
the controller 732, the controller 732 performs data processing (Le. reading, transferring, outputting, writing, and eras- 
ure) in accordance with the instruction thereof (M58). The control center 750 is intended to canry out traffic control and 
charge collection control inside and outside the charge area, as well as observation and tracking of problem cards and 

30 vehicles. In order to carry out traffic control, the control center 750 regularly, and when appropriate, refers to the data 
in the vehicle entry and departure database TDB, and calculates the number of vehicles present within the charge area 
(the sum of the number of vehicles that have entered each charge area minus the number of vehicles that have exited 
each charge area) and differential values thereof (congestion trends, easing trends) for predetermined time spots so as 
to ascertain the trends in the traffic volume. The control center 750 publicly reports traffic information over short time 

35 periods, and over long time periods corrects or abolishes the charge tables. In the toll collection control, the task of col- 
lecting an unpaid toll from (the owner of) the vehtele for which the absolute value of the negath^ value of the card bal- 
ance in the arrears database CDB is the largest is performed. Data of the observation database WDB is used for finding 
problem cards and vehk:le. 

[0564] An emergency notification switch is formed in an operation / display board 703 connected to the charge con- 
4o trol ECU 702 of the in-vehicle charge device 701 . When the driver operates this switch, the charge control ECU trans- 
mits in a predetermined cycle emergency data that includes the vehicle ID, the current position, and the direction via 
the antenna ANTt. When it receives this, the notification station 730 displays the fact that an emergency has occurred, 
the vehicle ID, the current position, and the direction on the terminal PC and prints out this information. It also transmits 
the emergency data to the control center 760 (M51, M52). 
45 [0565] The embodiment described above is a charge system in which charges are levied in area units in a road net- 
work, and it is possible to set either a portion or all of a highway road network, or specific areas of a general road net- 
work as charge areas and to charge vehicles that transit those areas.. However, the present invention is not limited only 
to a road network charge system, and may also be implemented In a tourist area, an event area or the like as an entry 
fee collection system. 

so 

(Tenth Embodiment) 

[0566] In the present embodiment, the present invention is applied to an automatic charge system for performing 
the charge processing of a toll facility (area in which a charge is applied) automatically. Note that, because the present 
55 embodiment is substantially the same as the above embodiments, the same portions are given the same descriptive 
symbols and a detailed description thereof is omitted. 

[0567] The conceptual structure according to the present embodiment is the same as that structure shown in Rg. 
52. Note that, in the present embodiment, because the charge processing device 701 also functions as a charge 
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prcx^essing device incorporated into a vehicle, in the description below, the charge processing device 701 in Rg. 53 is 
described as the in-vehicle charge device 701 ; 

[0568] The in-vehicle charge device 701 built into a vehicle communicates with the notification station 730 (control 
station) via the in-built telephone unit 708 and the antenna ANTt so as to exchange data therewith. Moreover, radio 

5 waves are received from satellites via the G PS arrtenna ANTg enabling the position and direction of travel of the vehicle 
to be recognized using the inbuilt GPS position measuring device (720 to 728) and these are displayed together with a 
map displaying the area being transited. When the number of receivable satellites is insufficient or when the wave 
reception from the satellite is insufficient, the missing infbmnation is supplemented by calculating the vehicle position by 
detecting the direction using a gyro and estimating the traveling speed. Alternatively, vehicle position recognition is per- 

10 formed. 

[0569] Next, the In-vehicle charge device 701 will be described. Note that the structure of the in-vehicle charge 
device 701 is the same as the structure in Rg. 53. Direct current voltage -»-B from the battery in the vehicle is constantly 
supplied to the in-vehicle charge device 701 . A power supply circuit PSC supplies operating voltage to the CPUs of the 
GPS infomnation processing ECU 720 and the charge control ECU 702. As a result data is constantly held (stored) in 
75 the intemai memory of the CPU of the charge control ECU 702 and in the intemal memory that is outside the CPU but 
is inside the charge control ECU 702. 

[0570] When the vehicle Ignition switch (intenuption instruction means) IGsw is closed (i.e. the vehicle power sup- 
ply is turned on), the power supply circuit PSC supplies operating voltage to all circuits of the in-vehicle charge device 
701 . The opening of the ignition switch IGsw (Si = L) instructs that the measuring of the length of time elapsed with the 
20 vehicle staying inside the charge area is to be ended (interrupted). The closing of the ignition switch IGsw (Si = H) 
Instructs that the measuring of the length of time elapsed with the vehicle staying inside the charge area is to be con- 
tinued. 

[0571] The GPS position measuring device (720 - 728) is provided with a receiving antenna ANTg, a GPS receiver 

721 , a GPS demodulator 722, a display device 724, a piezoelectric vibrating gyro 725, an altitude sensor 726, a GPS 
25 infomiation processing ECU (Electronic Control Unit) 720, an operating board 723. a map search engine 727. and a 

map database 728. The 1 .57542 GHz radio waves transmitted from each of the GPS satellites are received by the GPS 
receiver 721 via the receiving antenna ANTg, and the information contained in the radio waves, namely, information 
such as a function indicating the orbit of the satellites and the time and the like is demodulated by the GPS demodulator 

722, and input Into the GPS information processing ECU 720. The GPS infomnation processing ECU 720 is a computer 
30 system based on mainly a microprocessor (CPU) and provided with almanac data memory and memory for a data 

buffer as well as an input / output interface (an electric or electronic circuit). The CPU generates information indicating 
the position of rts host vehicle (latitude, longitude, altitude) based on the information transmitted from the GPS satellites, 
and calculates the direction in which the vehicle is traveling and the traveling speed based on a time series estimation 
using the position information. The search engine 727 reads map data of a page (one screen) that includes the position 
35 from the map database 728 in accordance with the position infomiation generated by the CPU, and displays this on the 
display unit 724. The current position Index that also shows the direction of travel Is displayed on the current position on 
the display device. 

[0572] The basic structures of the reception antenna ANTg, the GPS receiver 721 , the GPS demodulator 722, and 
the display device 724, as welt as the basic operation of the GPS information processing ECU 720 are the same as the 

40 structural elements of known devices already available on the market 

[0573] IHowever, in order to implement the present invention, a program is added to the operating program of the 
GPS information processing ECU 720 that performs the following. Namely, the current position (ground position) of a 
vehicle (i.e. the in-vehicle charge device 701), the direction of travel, the speed of travel, and the current time are trans- 
mitted to the charge control ECU 702 in response to a data transmission request from the charge control ECU 702. The 

45 charge control ECU 702 reads the incoming charge area information transmission and stores it in intemal memory. The 
charge area Is then displayed in superposition (as a half-tone dot meshing) in the area stipulated by the charge area 
information, namely, the charge area on the map displayed on the display unit 724. 

[0574] Analog signals output by the piezoelectric vibrating gyro 725 and the altitude sensor 726 are each Input Into 
the GPS Information processing ECU 720, and the CPU of the ECU 720 reads the signals after converting them Into 
so digital data via an A/D converter. Information output from the GPS demodulator 722 and infomnation for controlling the 
GPS demodulator 722 is input into or output from the CPU via the I/O port of the GPS infomiation processing ECU 720. 
[0575] The GPS information processing ECU 720 calculates three-dimensional coordinates Ux, Uy, Uz of the posi- 
tion of its host vehicle using a "3 satellite position measuring calculation' or a "4 satellite position measuring calcula- 
tion'. 

55 [0576] In the "3 satellite position measuring calculation", in a predetermined three dimension simultaneous equa- 
tion three sets of data received from three satellites are each substituted as parameters, and by solving this simultane- 
ous equation, any error in the latitude and longitude of the reception point which are unknown numbers, as well as in 
the dock on the receiving side is detemnined. The altitude of the reception point is determined, in this example, by cal- 
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culation from the signal output from the altitude sensor 726, and is substituted into the simultaneous equation as known 
data. In the "4 satellite position measuring calculation", in a predetenmined four dimension simultaneous equation four 
sets of data received from four satellites are each substituted as parameters, and by solving this simuttaneous equation, 
any error in the latitude, longitude, and altitude of the reception point, which are unlcnown numbers, as well as in the 
5 clock on the receiving side is detemfilned. In addition, because any error In the ciodc on the receiving side can be deter- 
mined by performing the position measuring calculation of any of these, the time of the internal dock can be corrected 
based on this error information. 

[0577] When the ground position information is calculated by GPS position measurement the GPS information 
processing ECU 720 calculates the direction in which the vehicle is traveling and the speed at which the vehicle is 

10 traveling by a comparison with the previously calculated ground position. On the basis of this time calculated ground 
position, map data of the one page (one screen) that includes the current position is read from the map data memory 
728 and Is displayed on the display unit 724. A current position index that also shows direction of travel is displayed at 
the cun^ent position on the display. In addition, when at least a portion of the area defined by the charge area informa- 
tion, namely the charge area, received from the charge control ECU 702 and saved in the internal memory is included 

75 in the area displayed on the display unit 724, the charge area is displayed In superposition (In half-tone dot meshing) 
over the area on the display screen. This additional display allows the driver to recognize area in which a charge is 
applied on the display screen of the display unit 724. 

[0578] The charge control ECU 702 is also a computer system centered around a microprocessor (CPU) and pro- 
vided with an input / output interface (an electric or electronic cifTcuit). The CPU is able to exchange transmissions of 
20 various types of information with the notification station 730 via the antenna ANTt, the telephone unit 708, and the 
modem 707. The extension serial input / output board 706 performs the serial input and output of data, as well as serial 
/ parallel conversion input and output. 

[0579] The voice of the driver that is input using the microphone MIC is converted into digital data indicating letters 
of words via a voice recognition unit 709, and is input into the CPU of the charge control ECU 702. Furthermore, the 

25 CPU notifies (aurally informs) the driver when necessary of messages (output information) using the in-vehicte speaker 
SP via the voice synthesizing unit 71 0 and the switching switch SW71 1 . When voice data Is output from the CPU, the 
switching switch SW71 1 switches the connection between the in-vehtcle audio and the speakers SP to a connection 
between the voice synthesizing unit 710 and the speakers SP. At this time, the CPU simultaneously displays the mes- 
sage conveyed to the driver by voice via the vehicle speaker SP alphabetically on the display unit 704. As a result the 

30 driver is able to confirm a message from the CPU both aurally and visually. 

[0580] A card reader 5 (read / write means) for reading and writing data on an IC card CRO (storage means) is con- 
nected to the charge control ECU 702. When an IC card CRD is inserted into a card insertion slot and when the charge 
control ECU 702 requests a data transmission, the card reader 705 reads the data stored on the card CRD and trans- 
mits it to the charge control ECU 702. When the card reader 705 receives writing data from the charge control ECU 702, 

35 it overwrites (i.e. replaces previous data with this new writing data) this data in the IC card CRD. 

[0581] The infonnation stored on the IC card is shown in Table 16. In the example shown In Table 16, the amount 
for a single issue of a card is ¥10,000. The balance of the card is ¥10,000 O-e. the card is unused) and the card ID allo- 
cated by the Issuer of the card is MYCAR003. The classification of the vehtole for which the card is applied for is a light 
vehicle and the vehicle ID (in this example, the number displayed on the vehicle number plate) is A123B568. The data 

40 in the charge table is for the charge area which the driver requests (applies for) directly after the issue of the card, and 
this data is written on the card by the issuer in accordance with the driver's application. If there Is no such application 
(i.e. writing request), then there is no such writing. 



Table 16 



so 



Data stored on card 


Item of information 


Content of information 


Card ID 


MYCAR003 


Card balance 


¥10000 


Vehicle classification 


Light vehicle 


Vehicle ID 


A123B568 


Charge table 


• • • (Table 17) 



[0582] Three examples of charge table data are shown in Tables 1 7, 1 8, and 1 9. The charge table in the time units 
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shown in Rg. 17 is used for charging the vehicle in the charge area shown by the charge area information a toll that 
con-esponds to the length of time that the vehicle is inside the area excepted parking not parked. The charge table in 
the distance units shown In Rg. 18 (s used for charging a toll that corresponds to the distance traveled by a vehicle 
inside an area. The charge table charging for each entry shown in Rg. 1 96 is used for charging a toll that conesponds 
5 to the number of entries (times used). 
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[0583] The data of one set (one point) of the charge area infonnation in the charge tables is positional information 
Indicating one point on an outline of the charge area When there are only date of two sets (data of two points), date of 
each set means the positions of opposite corners in a rectangle (square), and the charge area Is rectangular (an exam- 
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pie thereof is shown in Rg. 58). 

[0584] When there are data of more than or equal to three sets, th positions (points) indicafted by date of each set 
of data are joined in order of the writing of the data sets, and the polygonal area that emerges when the last point is 
joined with the first point indicates the charge area. Because there are two sets of position (point) data in the examples 
5 shown In Tables 17 to 19, the charge area is quadrangular (square). The toll Information is differentiated by time slot 
and by type of vehicle. 

[0585] The term of validity of the table means the term of validity of the data. The information of the area in which 
the table is valid shows an outline that is shaped substantially the same as the charge area extended by approximately 
600 meters outside the outline of a charge area prescribed in the charge area information. When a plurality of charge 
10 areas are set, this information of the area in which the table is valid is used to allow a charge table of a charge area that 
is near to it to be selected in the vehicle. 

[0586] The card issuing and toll settlement spots (card issuing and toll settlement booths) 771 - 773 (see Fig 52) 
Issue IC cards CRD. These spots (service centers) are provided in locations that provide easy access for a driver and 
that are as close as possible to areas where the charge areas are set. such as in the vicinity of the notification station 

IS 730. in the area under the jurisdiction of the notification station 730, outside the area under the Jurisdiction of the noti- 
fication station 730, orthe like. F=br example, they may be provided in local government buildings or branches thereof in 
the area in which the charge area is set In these spots, new IC cards can be issued, tost or damaged cards can be 
reissued, unpaid tolls (card balances in endears) can be settled, and prepaid deposits can be increased (I.e. card bal- 
ances increased) in accordance with the wishes of a driver by a service operator or by an automatic machine. When 

20 these processings are performed, the processing data is transmitted to the notification station 730 via a public phone 
circuit and an exchange 760. In accordance with the receh/ed processing data, the notification station 730 updates the 
data in the obserralion database WDB when a new card is issued, a lost or damaged card is reissued, or a prepaid 
deposit is increased, and updates the data in the arrears database CDB when an unpaid toll is settled. 
[0587] The information station 730 will be described next Note that the structure of the information station 730 is 

25 the same as the structure shown in Fig. 64. in the notification station 730 there is a wireless communication device 731 
that modulates transmission data from a controller 732 into radio wave signals and sends it to an antenna 740. and also 
receives radio waves via the antenna 740, demodulates the received data and feeds it to the controller 732. The con- 
troller 732 is a computer system that is centered around a microprocessor (MPU) and is provided with an input / output 
interface. A temninal PC (a complete set comprising a personal computer, display unit, keyboard, mouse, printer), a 

30 charge database (memory) FDB. and art infomnation control unit 733 are connected to the controller 732. The arrears 
database CDB, the observation database WDB, and the entry / exit vehicle database TDB are connected to the infor- 
mation control unit 733. 

[0588] A modem 734 is connected to the controller 732, The controller 732 is able to perfomi sound and data trans- 
mission with the control center 50 (Fig. 52) via this modem and the public communication circuit exchange 760 (Rg. 52). 

35 [0589] An outiine of the charge control operation of the (CPU of the) charge control ECU 702 is shown in Rgs. 62 
and 630. Fig. 62 will be looked at first The charge control ECU 702 warts for tiie Ignition switch IGsw to be closed (Si: 
H), and when the ignition switch is closed, the charge control ECU 702 registers the data of the card CRD in its internal 
memory via the card reader 705 (steps PI to P4). If no card CRD has been loaded, the charge control ECU 702 waits 
for a card to be loaded and then registers the data of the card CRD in internal memory. Note that in the description 

40 below. Inside the brackets the word "step" has been omined with only the step number and the letter P denoted. 

[0590] Next, the card balance in the read card data Is displayed on the display unit 704 (P5). Next, the charge con- 
trol ECU 702 starts the timer Tc for the time limit Tc (P6). A data transmission request Is then made to the GPS Infor- 
mation processing ECU 720, and data of the current position (ground position), the direction of travel, the speed of 
travel, and the date and time Is received from the GPS Information processing ECU 720 and written to internal memory 

45 (M7). 

[0591] Next, the charge control ECU 702 checks whether the date and time received from the GPS information 
processing ECU 720 are within the period in whteh the table is valid in the charge table registered in intemal memory, 
or whether the cun-ent position received from the GPS information processing ECU 720 is within the area in which the 
table is valid shown in the information of the area in which the table is valid in the charge table registered in internal 

so memory (P8). If the date and time are outside the period in which the table is valid, or if the current position Is outside 
the area in which the table Is valid, then In this case, the charge table does not fit the current area. Therefore, a charge 
table request Is transmitted via the antenna ANTt (P9). At this time, the charge table request is transmitted together with 
the vehicle ID, the balance (credit information), and card ID in the card data, as well as the current position (ground posi- 
tion) and the movement direction data obtained from the GPS information processing ECU 720. When the notification 

55 station 730 receives the charge table request it saves the card ID, the balance, and the vehfcle ID, the current position, 
and the movement direction in internal memory at the card ID address, and transmits the charge table (Table 17, 1 8, or 
19) in tiie charge database FDB (P41 - P44 in Rg. 68). 

[0592] When it receh^es tills charge table, the charge control ECU 702 checks whether the date and time are within 
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the period in which the table is valid in the charge table, or whether the current position received from the GPS informa- 
tion processing ECU 20 is within the area in which the table is valid shown in the information of the area in which the 
table is valid (P10, P11). If the date and time are within the period in which the table is valid, and if the current position 
is within the area in which the table Is valid, the charge control ECU 702 registers (replaces with new data) the received 

5 charge table In internal memory and in the IC card CRD (P12). Interruption of the reception is also permitted (P13). The 
"reception Interruption" is executed in reply when a radio wave signal arrives in the antenna ANTt, and an unillustrated 
receiver In the telephone unit 708 generates a transmission arrival signal showing that a transmission has arrived (i.e. 
that it has received a signal). The contents thereof are described below with reference made to Rg. 67. When permis- 
sion is given to interrupt reception, the charge control ECU 702 supplies charge area information from the charge tables 

10 to the G PS information processing ECU 720 (P14). When It receives this charge area information, the GPS information 
processing ECU 720 adds the charge area display (half tone dot meshing) to the corresponding area of the map dis- 
played on the display unit 724 that corresponds to the charge area indicated by the received charge area information. 
[0593] Next, as seen in Rg. 63, thereafter the charge control ECU 702 checks at the time cycle Tc whether the cur- 
rent position is Within a charge area Indicated by the charge area information in the charge table or outside the charge 

IS areas (PA13 to P32 - PI to P1 1 - P13A). If it is outside a charge area, and if the direction of travel Is one that Is 
approaching a charge area, then when the position Is within 500 meters from the charge area, "charge area 500 meters 
ahead" is displayed on the display unit 704 along with charge table information (however, the charge area Infonmation 
and the infonnation of the area In which the table is valid are excluded). At the same time, notification such as 'charge 
area is 500 meters ahead* is made by voice synthesis via the voice synthesizing unit 71 0 and the speaker SP (PA1 3 to 

20 PI 9). 

[0594] Moreover, when the current position is within 400 meters from the charge area, the display 'charge area 500 
meters ahead' on the display unit 704 is altered to 'charge area 400 meters ahead", and a notification of 'charge area 
is 400 meters ahead" is also made (P13A to PI 6 - P20 to P23). 

[0595] Note that the charge area is displayed in superposition on the map displayed on the display devkse 724 in 
25 the step PI 4 repeated in the cycle Ta Moreover, because the current position of the vehtele Is shown on the displayed 
map as a direction attached index, the driver can recognize the position of the vehtele relative to the charge area and 
the direction of travel from the display on the display device 724. 

[0596] When the vehicle enters a charge area, the charge control ECU 702 writes "1 " in the register (internal mem- 
ory) so as to show that the vehicle has entered the area in which a charge is applied, and clears the infomnation showing 

3o that the vehicle Is within 500 meters of the charge area, and is within 400 meters of the charge area (RPF and RPS data 
in the register) (PA13, P24, P25), and notifies "vehicle the entry" to the notification station 730, namely, notifies that a 
vehicle has entered the charge area (P26). At this time, a vehicle entry notification is transmitted to the notification sta- 
tion 730 with the data representing each of the vehicle ID, the balance, and card ID, as well as the date and time, the 
cun-ent position, and the movement direction data obtained from the GPS information processing. ECU 720 attached 

35 thereto. When the notification station 730 receives this vehicle entry notification, it saves the date and time, the card ID, 
the balance, the vehicle ID, the position, and the direction in Internal memory, and creates a control station movement 
history table corresponding to the card ID in the vehicle entry and departure database TDB in which it writes the above 
data. 

[0597] The charge control ECU 702 next executes "vehicle entry processing" (P27). The contents thereof are 
40 shown in Rg. 64. Rrstly, a one minute timer for setting the sampling cycle of the movement history data is started 
(P271). Next, the Integral distance register, the fractional distance register, the integral distance register, the fractional 
distance register, and tiie movement history table are cleared (P272). Thereafter, the time, balance, position, distance 
traveled (the data in the integral distance register and fractional distance register), the lengtii of time of stay (the data 
in the Integral time register and fractional time register), the state of the card reader 705 (i.e. ready: nomial. not ready: 
45 abnormal), the existence or othenvise of a card CRD loaded in the card reader 705, and the state of the GPS (i.e. 
whether or not position data has been generated) are written in the movement history table. Note that, as Is described 
below, after the writing, this writing is perfomied in cycles of one minute while the vehicle is in the charge area One 
example of the movement history table is shown in Table 20. 

50 

Table 20 



Movement history table 


Date and time 


Balance 


Position 


Distance 
traveled 


Length of stay 


Card reader 


Card 


GPS 


01/01/1998 
10:10 


09750 


N350000. 
E1370000 


XX 


XX 


Normal 


Present 


Normal 
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Table 20 (continued) 





Movement history table 


5 


Date and time 


Balance 


Position 


Distance 
traveled 


Length of stay 


Card reader 


Card 


GPS 




01/01/1998 
10:11 


09750 


N350000, 
E1 370001 


XX 


XX 


Normal 


Present 


Normal 


10 


01/01/1998 
10:12 


09750 


N350000, 
E1370002 


XX 


XX 


Normal 


Present 


Normal 



[0598] Fig. 63 will now be referred to again. After a vehicle has entered a charge area and notification of a •vehicle 
entry* is transmitted to the notification station 730, the charge control ECU 702 repeatedly performs the "intermediate 
processing" (P28) at the cycle Tc while the vehicle is inside the charge area The contents of this "intermediate process- 

15 '19" (P27) are shown in Rg. 65. 

[0599] When the routine advances to the 'intenrnediate processing' (P27) shown in Rg. 65, the charge control ECU 
702 firstly updates the data of the fractional time register (fractional value) to a value larger by the amount of the elapsed 
time Tc (P281). It then checks whether the updated fractional value Is now greater than one minute (P282). If it is 
greater than one minute, the data In the Integral time register is Incremented by one, and the data of the fractionEU time 

20 register is updated to a value that Is smaller by one minute (P283). Next, the distance traveled during the time Tc, 
namely, 

Dc := Tc (seconds) x speed (Km / h) / 3600) (Km) 

2S Is calculated (P286). The data of the fractional distance register (fractional value) is then updated to a value larger by 
the amount of the distance traveled Dc during Tc (P285). A check is then made as to whether the updated fractional 
value is now greater than one kilometer (P286). If it is greater than one kilometer, the data in the integral distance reg- 
ister is incremented by one, and the data of the fractional distance register is updated to a value that is smaller by one 
kilometer (P287). 

30 [0600] A check is next made as to whether the one minute timer shows the time over (P288). If the time has 
elapsed, the one minute timer Is restarted (P289), and the time, balance, position, distance traveled (the data in the 
integral distance register and fractional distance register), the length of stay (the data in the integral time register and 
fractional time register), the state of the reader (i.e. ready: normal, not ready: abnonmal), the existence or othenwise of 
a card (i.e. loaded or not loaded), and the state of the GPS (i.e. whether or not position data has been generated) at 

35 that instant are written (P290). By repealing this intennediate processing (P28), and by writing data to the movement 
history table at one minute cycles, data indicating the state at one minute intervals is stored in the movement history 
table, as is shown in Table 20. 

[0601] Fig. 63 will now be looked at once again. When the (current position of the) vehicle departs from the charge 
area, the charge control ECU 702 advances from steps PA13 and PA1 4 to step P29 where the data of the register RAE 

40 Is altered to "0' to indicate that the vehicle Is outside the charge area and the "vehicle departure processing* (P30) is 
performed. The contents of the "vehicle departure processing" (P30) are shown In Rg. 66. In the same way as the 
above "Intermediate processing" (P28), the "vehicle departure processing" (P30) accumulates the timing values of the 
elapsed time during the period Tc (P301 to 303) and accumulates the traveling distances of the distance traveled during 
the time Tc (P305 to 307), and writes the final history inside the area in the movement history table (P308). 

45 [0602] Refen-ing again to Rg. 63. when the above "vehicle departure processing" (P30) has ended, the charge con- 
trol ECU 702 transmits "vehicle departed", which means that the vehide has left the charge area, to the notification sta- 
tion 730 (P31). At this time, the vehicle ID, the balance and the card ID in the card data, as well as the data of the 
movement history table are also transmitted to the notification station 730. The notification station 730 adds the 
received history data to the control history table of the vehicle entry and departure database TDB, which table was allo- 

so cated to the card ID at the time of the "vehicle entry", and checks the charge process state. These contents are 
described below. 

[0603] After the vehicle departure notifteation (P31 ), because the direction in which the vehicle is traveling Is now a 
direction moving away from the charge area which the vehicle has ]ust transited, the notification control ECU 702 
advances from step P1 5 to step P32, and the relative distance notlftoatlon relating to the charge area (PI 6 to P23) is 
55 not performed. 

[0604] When the vehicle transits one charge area (the first charge area) as described above and travels towards 
another charge area (the second charge area), when the (cun-ent position of the) vehicle leaves the area in which the 
table is valid that is Indicated k^y the table valid area Information of the fist charge table representing the first charge 
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area, the charge control ECU 702 moves from step P8 to P9 and transmits a charge table request. This transmission 
wave is received by a first notification station (S30) addressed in the first charge area, and the first notification station 
transmits the first charge table. When the charge control ECU 702 receives the first change table, the charge table 
received in step SP10 is determined to be Invalid. As a result, even if the charge control ECU 702 receives the first 

5 charge table after the vehicle has left the area In which the table is valid that Is indicated by the table valid area Infor- 
mation of the first charge table representing the first charge area, this is not written on the IC card CRD or the internal 
memory. When the (current position of the) vehicle enters the table valid area of the second charge area is valid, the 
charge control ECU 702 writes the second charge table transmitted by an unillustrated second notification station in 
internal memory and on the IC card CRD, and charge control is perfonned in the manner described above according to 

10 the data. 

[0G05] As described above, when a vehicle reaches a point 500 meters before a charge area, that fact is notified to 
the driver via the display unit 704 and the speaker SR and infoonation on the charge area is displayed on the display 
unit 704. In addition, a notification is again made when the vehicle reaches a point 400 meters before the charge area 
Therefore, the driver has enough time to decide whether or not to enter a charge area, and has enough time to choose 
75 a detour route. 

[0606] The checl< in step P1 as to whether or not the ignition Icey switch IGsw is closed (Si = H) is intended to deter- 
mine whether or not the vehicle is parked. When the vehlde enters a charge area in which the time toll charge table 
(Table 17) is applied, then when the ignition key switch IGsw is open (Si = L: an interrupt instruction to interrupt the tim- 
ing for the charging), the charge control ECU 702 waits for the ignition key switch IGsw to be closed (Si = H: an Instruc- 

20 tion for the timing for the charging), and does not perform the "intermediate processing" of step P28 while waiting. 
Therefore, the time that the vehicle is parked inside the charge area does not fall within the length of time that the vehi- 
cle has stayed inside the charge area in order for a charge amount for a time toll to be calculated. 
[0607] When the notification station 730 receives the charge table request from the tn-vehicle charge device 701 , it 
transmits a "charge table" to the ID. Furthermore, in a fixed cycle of approximately several minutes, it transmits a 

25 "charge request" to all vehicle. It then transmits a "movement history request" either in a fixed cyde of approximately 
several minutes or in an Irregular cycle to each ID In sequence, and collects the data of the movement history tables 
from each ID. Moreover, when a *vehk:le departure" notification Is received, when there is uncharged traveling distance 
or staying time, a charge request is transmitted to the ID of the charge device ID (card ID) that supplied the "vehfcle 
departure" notification. Furthermore, a check for errors in the charge processing is made when the "vehicle departure" 

30 notification is received and, if charge errors are discovered, these are pointed out and message data urging measures 
to deal with them is transmitted to the relevant. 

[0608] Fig. 67 shows the contents of "reception interruption 1 " DRI1 executed by the charge control ECU 702 as a 
response when a radio wave signal arrives In the antenna ANTt, and an unillustrated receiver in the telephone unit 708 
generates a transmission arrival signal showing that a transmission has arrived Q.e. that it has received a signal). When 
35 the charge control ECU 702 proceeds to the reception interruption DRI1 , it checks whether address belongs to the host 
card ID (received date is for the own card lD)(inciuding when all vehicles are specified) (P402). If this is the case, a 
determination is made as to whether the received data is a charge request a movement history request, a charge table, 
or a message (P403). 

[0609] If the received data is a charge request, then if the charge table of the card CRD Is one for charging for each 

4o entry (Table 19), the charge control ECU 702 extracts the toll corresponding to the vehicle type classification from 
among the card data, and updates the card balance in the card data in internal memory to a value from which the toll 
amount has been deducted (P404, P405). In the same way, the data of the IC card CRD is also updated, and the 
updated balance is displayed on a display unit. A check is then made as to whether or not the card balance is a negative 
value (insufficient toll payment and If the card balance is a negative value, displays "Insufficient payment - settlement 

45 required" on the display device 704. Notification such as "card balance is insufficient Please settle debt" by voice syn- 
thesizer is also made using the voice synthesizing unit 710 and the speaker SP (P413). If the charge table of the card 
CRD is one for charging for distarx^e traveled (Table 18), the charge control ECU 702 extracts the toil per kilometer cor- 
responding to the vehide type classification from among the card data In the charge table, multiplies this by the value 
of the integral distance register, and updates the card balance in the card data in internal niemory to a value from which 

so the obtained value has been deducted (P406, P407). The integral distance register is then cleared (P408) and, in the 
same way, the data of the IC card CRD is also updated, and the updated balance is displayed on a display unit (P413). 
[061 0] If the charge table of the card CRD is one for charging for length of time of stay (Table 1 7), whether value of 
the date in the integral time register is more than or equal to 60 (1 hour) is checked (P410). If value of the date in the 
integral time register is more than or equal to 60 (1 hour), toil per unit time corresponding to the vehide type classifica- 

55 tion from among the card data in the charge table is extracted, and updates the card balance in the card data in internal 
memory to a value from whteh the obtained value has been deducted (P409-P41 1). The Integral time register is then 
updated to a value from which 60 has been deducted (P412), and, In the same way, the data of the IC card CRD is also 
updated, and the updated balance is displayed on a display unit (P413). 
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[0611] When the received data is a 'movement history requesT, the charge control ECU 702 transmits the data in 
the movement history table to the notification station 730 (P414), and the movement history table is cleared (P415). 
When the received data is a "charge table", the routine advances to the updating of the card data explained in step P1 2 
above (Rg. 62). If the received data is a 'message", that message is displayed on a display and reported by voice syn- 
5 thesis. 

[0612] . If the charge table is for charging for each entry, then when a charge request is transmitted, the notification 
station 730 writes that the charge has been completed in the control station movement history table generated for each 
card ID in the vehicle entry and departure database TDB at the time the "vehicle entry" notification is made, and there- 
after, charge requests are transmitted only to those ID at which no charge completion has been written, and no charge 

10 request is transmitted to the charge completed IDs. if the charge table is for charging for distance traveled, the notifica- 
tion station 730 transmits charge requests repeatedly to all IDs in a cycle of several minutes or in an in'egular cycle. 
When the value of the integral distance register is greater than or equal to 1 (Km), the charge device that receives the 
charge request performs charge processing by multiplying that value k)y the toll per kilometer, and then clears the inte- 
gral distance register. Therefore, each time the notification station 730 generates a charge request, the charge device 

IS only performs charge processing for the integral value (kilometer units) portion from among the distance traveled from 
the time the previous charge request was received until the current charge request is received. Fraction distance is han- 
dled next In the same way, if the charge table is for charging for length of stay, the notification station 730 transmits 
charge requests repeatedly to all IDs in a cycle of several minutes or in an in-egular cycle. When the value of the integral 
time register is greater than or equal to 60 (1 hour), the charge device that receives the charge request performs charge 

20 processing for the toll for periods of one hour, and then updates the data in the integral time register to a value that is 
smaller by 60 minutes. Therefore, each time the notification station 730 generates a charge request the charge device 
only perfomns charge processing for the integral time portion from among the time lapsed since the time the previous 
charge request was received until the current charge request is received. Fraction time is handled next. 
[061 3] In the case of a "vehicle departure", because the timing thereof and the timing of the charge request do not 

25 match, even if the charge table is for charging in distance units or time units, it Is possible for there to be a "vehicle 
departure" when there is an integral distance or integral time to be charged. When the notification station 730 receives 
a "vehicle departure" notification, it checks the integral distance data or the integral lime data, and if that is greater than 
or equal to 1 (Km) or 60 (1 hour), It transmits a charge request to the ID that made the notification of the "vehicle depar- 
ture". 

30 [0614] Rg. 68 shows the contents of intenrupt processing of the controller unit 732 of the notiftoation station 730. 
This interrupt processing DRI2 is executed in response to the arrival of a message in the modem unit 734 or the detec- 
tion of the arrival (incoming) a radio wave signal In the antenna 740 in the communication device 731 . When the incom- 
ing message is received, If the message is from the charge control ECU 702 of the In-vehicle charge device 701 of a 
vehicle, the unit 732 receives the message (P42), and, if it is a charge table request, saves the data indicating the date 

35 and time, the card ID, the balance, the vehicle ID, the position, and the direction that is attached to the message in inter- 
nal memory, and, in response to the request, transmits the charge tables in the database FOB via the antenna 740 (P41 
to P44). A search is then made (P45) via the control unit 733 as to whether or not the received card ID or vehicle ID is 
the ID of a vehicle that has been in a collision, or has been stolen, or whether the card is a problem card (i.e. lost or 
damaged, stolen, scrapped through reissue, or Illegally copied) stored in the observation database WDB. If the card ID 

40 or vehtele ID is one of the above, the card ID, the vehicle ID = vehicle No..., the contents of the problem, the current 
position (reception data), and the cun-enttlme are displayed on the temiinal PC display unit and printed out as an obser- 
vation data set, and are also transmitted to the control center 750 and card issuing and toll settiement booths 771 to 
773. These establishments are able to perform data registration or take action In accordance with the content of the 
problem. 

45 [061 5] The charge control ECU 702 of the In-vehlcle charge device 701 transmits vehicle departure notification 
data showing that a vehicle has departed from a charge area. When the controller 732 of the notification station 730 
receives this, the controller 732 saves the date and time, the card ID, the vehicle ID, the current position, the distance 
traveled (the portion that has not been charge processed), the length of time of stay (the portion that has not been 
charge processed), the direction, and the card balance in internal memory. When the charge table is for charging for 

so distance traveled, the controller 732 checks whether or not the distance traveled is greater than or equal to one kilom- 
eter and, if the distance is greater than or equal to one kilometer, transmits a charge request to the card ID. When the 
charge table is for charging for length of time of stay, the controller 732 checks whether or not the length of time of stay 
Is greater than or equal to sixty minutes and, if the length of time of stay is greater tiian or equal to sixty minutes, trans- 
mits a charge request to the card ID. A check Is then made as to whether or not there is any usage error infbmiation for 

55 the charge device in the history table on the control side (the control history table) at the relevant ID in the vehicle entry 
and departure database TDB, or whether or not the card balance is negative (minus). If there is no usage error infor- 
mation and if the card balance is positive, the history table on the control side at the relevant ID is erased. Note that the 
usage en-or Information is written in the control history tables in the "Toll collection and movement history collection" 
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CRC (Fig. 69) described below, based on the history data in the control history table when that shows a usage error. 
Next, a departure road (area entry / ex'rt) is specified based on the position data, and the nunnber of departed vehicles 
at the relevant departure road in the vehicle entry and departure database TDB Is incremented by one (948), 
[061 6] If the card balance is negative (-), this data (card ID, vehicle ID, current position, direction, and card balance) 

5 is supplied to the terminal PC and displayed on the display and printed out A check is then made via the control unit 
733 as to whether the card ID or vehicle ID are in the arrears database CDB. If they are in the arrears database, the 
card balance of the relevant item in the arrears database CDB is updated to the new value. If they are not in the arrears 
database, this newly acquired data (card ID, vehicle ID, current position, direction, and card balance) Is registered for 
the first time in the arrears database CDB (P49, P50). The ID check and the like described above (P45, P46) are then 

10 perfonned. 

[061 7] An emergency notification switch is formed in an operation / display board 703 connected to the charge con- 
trol ECU 702 of the In-vehicle charge device 701 . When the driver operates this switch, the charge control ECU trans- 
mits in a predetermined cycle emergency data that Includes the vehicle ID, the current position, and the direction via 
the antenna ANTl When it receives this, the notification station 730 displays the fact that an emergency has occurred, 
75 the vehicle ID, the current position, and the direction on the temiinal PC and prints out this infomiation. It also transmits 
the emergency data to the control center 750 (P51 , P52). 

[0618] The charge control ECU 702 of the in-vehicle charge device 701 transmits vehicle entry notification data 
showing that a vehicle has entered a charge area. When the controller 732 of the notification station 730 receives this 
(P53), the controller 732 generates the control movement history table addressed at the card ID of the in-vehicle charge 

20 device 701 in the vehicle entry / departure database TDB, and writes therein the received date and time, the balance, 
the position, the distance traveled (0), the length of time of stay (0), tiie state of the reader, the existence or otherwise 
of a card, and the state of the GPS. It then specifies the entry road (the entrance / exit to the area) based on the position 
data, and increments by one the number of vehicles that have entered at this entry road in the entry and departure vehi- 
cle database TDB (P54). The ID check and the like described above (P45, P46) are then perfonTied. 

25 [0619] When the transmitted settlement data (card ID, vehk:le ID, and card balance) anives from the card issuing 
and toll settiement spots 771 to 773, if the received card balance is positive, the controller 732 erases the data of the 
relevant ID in the arrears database CDB (erases the arrears register). If the card balance Is still negative (minus), the 
card balance of the relevant ID is updated to the received card balance (P41, P55 to PS7). 

[0620] The data of the databases CDB. FDB, WDB, and TDB can be controlled (I.e. read, transferred, output, writ- 
30 ten, and erased) by the terminal PC and the control center 750. When the terminal PC or control center 750 accesses 
the controller 732, the controller 732 perfomris data processing (i.e. reading, transferring, outputting, writing, and eras- 
ure) in accordance with the instruction thereof (P58). The control center 750 is intended to carry out traffic control and 
charge collection control inside and outside the charge area, as well as olsservation and tracking of problem cards and 
vehk^les. In order to carry out traffic control, the control center 750 regularly, and when appropriate, refers to the data 
35 in the vehicle entry and departure database TDB, and calculates the number of vehicles present within the charge area 
(the sum of the number of vehicles that have entered minus the number of vehteles that have exited at enterence and 
exit of each charge area) and differential values thereof (congestion trends, easing trends) for predetermined time spots 
so as to ascertain the trends in the traffic volume. The control center 750 publicly reports traffic Information over short 
time periods, and over long time periods corrects or abolishes the charge tables. In the toll collection control, the task 
40 of collecting an unpaid toll from (the owner of) the vehicle for which the absolute value of the negative value of the card 
balance in the arrears database CDB is the largest is performed. Data of the observation database WDB is used for 
finding problem cards and vehicles. 

[0621] The controller unit 732 of the notification station 730 executes the Toll collection and movement history col- 
lection" CRC shown in Fig. 69 In a fixed cycle when the reception interruption 2 (DRI2) do not start up. When the routine 

45 advances to this processing, the unit 732 transmits charge requests via the communication devtee 731 and the antenna 
740 at a toll collection timing that is set either in a fixed cycle (of approximately several minutes) or In a cycle that is not 
fixed but does have a pitch of approximately several minutes in order to make it more difficult for a fraudulent user to 
avoid a charge (P61 , P62). Furthemiore, at a movement history collection timing that Is set either in a fixed cycle or in 
a non-fixed cycle, in the same way as above, movement history data requests are transmitted in sequence to each ID 

so for which ID a control movement history table is generated in the vehicle entry / departure database TDB. The move- 
ment history data of each ID is received in sequence and written in the movement history table on the control side at 
each ID (P64 to P70). Namely, control side movement history tables of each ID are generated in "vehicle entry" date 
and time sequence in the vehicle entry and departure database TDB. The movement history data request is transmitted 
to the ID address having the eariiest date and time (P64, P66), and tiie timer Tw is started (P66). A reply (i.e. the history 

55 table on the movement side) is then awaited from the ID (P57, P68) until the time on the timer Is up. If a reply is received, 
it is added to the movement history table on the control side in the ID address (P69). Once this is completed, or if time 
Is up on the timer without a reply being received, a movement history data request is transmitted to tiie ID address hav- 
ing the next eariiest writing date and time. (P70, P65). In this way, when data requests and reception (namely, polling) 
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has been completed for all IDs in which control side nnovement history tables are generated in the vehicle entry and 
departure database TDB, a check is made as to whether or not there are any charge device usage errors in each ID 
(card ID) (P71 ), based on the data of the control side movement history tables at each ID In the vehicle entry and depar- 
ture database TDB. 

5 [0622] Namely, for example, immediately after an ID (charge device 1) has made a "vehicle entry" into a charge 
area, data (date and time, balance, position and direction) at the time of "vehicle entry", namely, data that has been 
transmitted to the notification station 730 in step P26 in Rg. 63, is present in (the first column of) the control side move- 
ment history table of the ID address until the first movement history collection is performed. Moreover, in the first move- 
ment history collection, when the history data shown in Table 20, for example, is collected, that history data is written in 

10 the (second column and thereafter of the) control side movement history table. If the balance is negative, the card 
reader not operating normally, there is no card present or the GPS is not operating normally, that usage e^or infomria- 
tlon Is written in the control side movement history table. Moreover, a check Is made as to whether there are any 
changes or any lack of changes that do not occur in normal charge processing by a comparative calculation, which cor- 
responds to the type of charge table (Table 1 7, 1 8, or 1 9), of the progress of data of identteal items with the data of other 

75 items in the order in which they appear (column No.) in the movement history table on the control side. If there are these 
usage errors, the usage error information is written in the control side movement history table. If there are none of these 
usage errors, the data of the history table on the movement side just read is left as it is, and the data recorded before 
that is erased from the movement history table on the control side. If there is usage error information present, it Is accu- 
mulated by being recorded in the control movement history table each time it is collected without a data erasure such 

20 as that above being perfomned. When the relevant vehicle (card ID) becomes a "vehicle departure", the control move- 
ment history table at the ID is transferred to the observation database WDB and is removed from the vehicle entry and 
departure database. TDB. 

[0623] The embodiment described above is a charge system in whk:h charges are levied In area units in a road net- 
work, and It is possible to set either a portion or all of a highway road network, or specific areas of a general road net- 
25 work as charge areas and to charge vehicles that transit those areas.. However, the present Invention Is not limited only 
to a road network charge system, and may also be inriplemented In a tourist area, an event area or the like as an entry 

fee collection system. 

Possible industrial Applications 

30 

[0624] As described above, the charge processing device, a charge processing system, and charge processing 
card of the present invention are preferably used in a device for transferring infonnation such as the receipt of money 
or the like between a moving body such as a vehk:le and the ground, and for performing processing associated with the 
charge processing relating to the user of the moving body, and may be used, for example, in a device for performing 
35 charge processing, a device for leaving charge processing as it is, and a device for charge processing constructed so 
as to be portable. 

Claims 

40 1. A charge processing device comprising: 

detecting means for detecting position information indicating a position where a moving body is located; 
matching means for matching the position information with predetermined map information; 
deciding means for deciding, based on a result of a matching by the matching means, an entry state Indteating 
45 whether or not the moving body has at least entered into an area in which a charge Is applied that corresponds 

to a predetermined area set in advance in the map information; and 

generating means for generating, based on a result of a deciding by the deciding means, charge information 
for the moving body. 

so 2. The charge processing device according to daim 1 , the charge processing device further comprising location infor- 
mation detecting means for detecting, based on the position information, location information indicating date and 
time the moving body is located in the area in which a charge is applied, wherein the deciding means decides, 
based on the result of the matching by the matching means and a result of a detection t>y the location information 
detecting means, the entry state including a location state of the moving body within the area in whteh a charge is 

55 applied. 

3. The charge processing device according to claim 1 or 2, wherein the generating means decides the entry state 
including a congestion state caused by moving bodies located in the area in which a charge is applied. 
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4, The charge processing device according to any of claim 1 through claim 3, wherein the generating means is further 
provided with storage means in which predetermined toll data corresponding to the entry state is stored in advance, 
and the generating means generates the charge infonmation using the toll. data in the storage means. 

5 5. A charge processing device comprising: 

host position detecting means for detecting a position of a host moving body; 

transceiving means for transmitting position information of the host moving body to the ground side, and for 
receiving charge data relating to a predetermined area in which a charge is applied, using wireless communi- 
10 cation; and 

charge processing means for performing charge processing relating to the area in which a charge is applied, 
based on a result of a transmission and reception by the transceiving means, wherein 

the host position detecting means, the transceiving means, and the charge processing means are able to 
75 be mounted on a moving body. 

6. The charge processing device according to claim 5, wherein the charge processing means perfomis the charge 
processing using an tC card on which balance information is stored. 

20 7. A charge processing device comprising: 

detecting means for detecting position Information representing a position where a moving body is located; 
charge means for executing charge processing for the moving body when the moving body has entered into a 
predetermined area in which a charge is applied, based on a result of a detection by the detecting means; 
25 notification means which is mounted on the moving body and which notifies the outside of the moving body of 

a processing state of the charge processing In a notifying state corresponding to the processing state; and 
continuing means for continuing a notification by the notification means during the moving body Is located 
inside the area in which a charge is applied, based on a result of the detection by the detecting means. 

30 8. The charge processing device according to claim 7, wherein the notification means is a radiation means for radiat- 
ing electromagnetic waves towards the outside of a vehicle. 

9. The charge processing device according to claim 7 or 8, wherein the notification means is constructed as a light 
source disposed on the detecting means, or on a number plate the moving body, or In an area around the number 

3S plate of the moving body. 

10. The charge processing device according to any of claims 9 through 7, wherein the notification means performs noti- 
fication In a predetermined operating pattern in which the notification state Is altered in the manner of a time series. 

40 11. The charge processing device according to claim 1 0, wherein the notification means is further provided with receiv- 
ing means for receiving a pattern signal representing the operating pattem, and notification of the processing state 
is made to the outside of a vehicle based on the pattern signal. 

12. The charge processing device according to any of claims 7 through 1 1 , wherein the notification means is structured 
45 from a vehicle exterior notification means for notifying the outside of the vehicle of the processing state, and a vehi- 
cle Interior notification means for notifying the inside of the vehicle of the processing state, and notification of the 
processing state is made to the interior and exterior of the vehicle. 

13. A charge processing device further comprising observation means for observing a notification from the notification 
so means provided in the charge processing device according to any of claims 7 through 12. 

14. The charge processing device according to claim 13, wherein the observation means observes a notification by 
detecting at least brightness. 

ss 15. The charge processing device according to claim 13, wherein the observation means is an image piclcup means 
capable of picking up either one or a plurality of images having at least brightness. 

16. The charge processing device according to any of claims 13 through 15, wherein the observation means observes 
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a notification by detecting at least brightness in synchronization with the ot>servation pattern determined in 
advance that is altered in the manner of a time series. 

17. The charge processing device according to claim 16, wherein the observation means is further provided with 
receiving means for receiving a pattern signal indicating the oiaservation pattern, and the observation means 
observes a notification in synchronization with the observation pattem based on the pattern signal. 

18. The charge processing device according to any of claims 13 through 17, wherein the charge processing device is 
further provided with deciding means for deciding a processing state of the charge processing based on an obser- 
vation result by the observation means. 

19. The charge processing device according to claim 18, wherein the deciding means is provided with comparing 
means for comparing a notification state of a notification obtained by the observation means with a predetermined 
notification state, and processing deciding means for deciding a processing state of the charge processing based 
on a comparison result by the comparing means. 

20. A charge processing device comprising in a manner In which each is portable: 

receiving means for receiving a pattem signal indicating an observation pattem altered in the manner of a time 
series in order to observe a notification from a notification means provided in the charge processing device 
according to any of daims 7 through 12; and 

presenting means for presenting notification information corresponding to the observation pattem in synchro- 
nization with the observation pattern based on the pattem signal, 

21 . The charge processing device according to daim 20, wherein the charge processing device according to daim 20, 
wherein the presenting means presents observation infomiation by at least one of sound and light. 

22. A charge processing device comprising: 

detecting means for detecting position information indicating a position where a moving body is located; 
malcing means for generating charge information for the moving body in a predetermined area in which a 
charge is applied, as well as malcing a charge history of the generated charge information based on a detection 
result tyy the detecting means; and 

transmitting means for transmttting the charge history of the charge information generated by the generating 
means to the ground side. 

23. The charge processing device according to claim 22, wherein the making means is formed from generating means 
for generating charge information for each of a plurality of existing areas where a charge is applied, and accumu- 
lating means for accumulating In sequence the generated charge infomnatlon as charge history. 

24. The charge processing device according to claim 22 or 23, wherein the detecting means detects the position Infor- 
mation using satellite signals from satellites. 

25. The charge processing device according to any of claims 22 through 24, wherein the making means is further pro- 
vided with matching means for matching the position Information witti predetermined map information, and with 
deciding means for deciding, based on a matching result by the matching means, a entry state indicating at least 
whether or not the moving body has entered into a predetennlned area in which a charge is applied in the map 
Information, and the charge information Is generated based on a result of a dedsion by the deciding means. 

26. A charge processing system comprising: 

in-vehicle communication means which is provided with the charge processing device according to any of 
claims 1 through 4 and in which tiie transmission means transmits charge history in accordance with an input 
transmission request: and 

on-road communkxition means having request means for performing the transmission request and processing 
means for performing charge settiement processing in a predetemriined processing area and based on a trans- 
mitted charge history. 
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27. The charge processing system according to claim 26, wherein the on-road communication means is further pro- 
vided with altering means for altering the amount of the charge settlement based on a time until an arrival in the 
processing area. 

28. A charge processing device comprising: 

detecting means for detecting position information indicating a position where a moving body is located; 
storage means capable of being Inserted and removed for storing a predetermined area in which a charge is 
applied; and 

generating means for generating charge information for the moving body based on a result of a detection by 
the detecting means and the area in which a charge is applied stored In the loaded storage means. 

29. The charge processing device according to claim 28, wherein the generating means Is provided with a reading 
means for reading a result of a detection by the detecting means and the area in which a charge is applied stored 
in the storage means, and generates charge information from the read position information and the area in which 
a charge is applied. 

30. The charge processing device according to claim 1 or claim 29, wherein the storage means is a toll card on which 
is stored tiie area in which a charge is applied for generating at least charge information. 

31. A charge processing card comprising: 

a loading portion for loading in an in-vehide device that detects position information indicating a position where 
a moving body is located, and generates charge Infomiation from the position information and a predetermined 
area in which a charge is applied; 

an area storage portion for storing the area in which a charge is applied; and 
a balance storage section for storing balance information. 

32. A charge processing device carried by a user or mounted on a moving body comprising: 

means for detecting a ground position; 

storage means for storing area spedfying information and inside-area control information; 
notification control means for generating position relation information in a charge processing device for an area 
indicated by area specifying information, based on the ground position detected by the ground position detect- 
ing means and the area 'specifying information of the storage means; and 

notification means for notifying a user as to information expressed lay the area specifying information and the 
inside-area control Information and the position relation information. 

33. A charge processing device canied lay a user or mounted on a moving body comprising: 

means for detecting a ground position; 

storage means for storing charge area specifying information, inside-area charge information, and credit infor- 
mation; 

notification control means for generating position relation information in a charge processing device for a 
charge area indicated by the charge area spedfying Information, based on the ground position detected by the 
ground position detecting means and the charge area specifying information of the storage means, and updat- 
ing the credit information in the storage means in response to changes outside and inside the ground position 
relative to the charge area; and 

notification means for notifying a user as to information expressed by the charge area specifying information, 
the inside-area charge information, and the credit Information and the position relation infomiation. 

34. A charge processing system comprising: 

a notification device that is a charge processing device canied by a user or mounted on a moving body and 
includes 

means for detecting a ground position, 

communication means for receiving area specifying information, 
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storage means for storing received area specifying infonnation, 

notification control means for generating position relation information In a charge processing device for art 
area Indicated by ttie area specifying information based on the ground position detected by the ground 
position detecting means and the area specifying Infomiation of the storage means, and 
notification means for notifying a user as to the position relation information; and 

a transmitting station comprising 

public notification information storage means for storing the area specifying information, and 
transmitting means for transmitting the area specifying information of the public notification Information 
storage means. 

35. A charge processing system comprising: 

a notification device that is a charge processing device canled by a user or mounted on a moving body and 
includes 

means for detecting a ground position, 

communication means for receiving charge area specifying information and inside-area charge informa- 
tion, 

storage means for storing received charge area specifying Information and Inside-area charge Infomiation, 
and credit information, 

notification control means for generating position relation information in a charge processing device for a 
charge area, based on the ground position detected lay the ground position detecting means and the 
charge area specifying information of the storage means, and updating the credit information In the stor- 
age means in response to changes outside and inside the ground position relative to the charge area, and 
notification means for notifying a user as to information expressed by the charge area specifying informa- 
tion, the inside-area charge information, and the credit information and the position relation information; 
and 

a transmitting station comprising 

public notification information storage means for storing area specifying information and the inside-area 
charge information, and 

transmitting means for transmitting the area specifying information and the inside-area charge Information 
of the public notification information storage means. 

36. A charge processing device carried by a user or mounted on a moving body comprising: 

means for detecting a ground position; 

storage means for storing area specifying information and credit Information; 

relative position determining means for calculating whether the ground position detected by the ground position 
detecting means is inside or outside an area represented by the area specifying Information in the storage 
means; 

interruption instruction means; 

time measuring means for measuring a time elapsed Inside the area during a period In which there is no Inter- 
ruption instruction from the interruption instruction means; and 

charge processing means for updating the credit Information based on a value of a time measured by the time 
measuring means, 

37. A charge processing device carried by a user or mounted on a moving body comprising: 

means for detecting a ground position; 

storage means for storing area specifying Infomiation and credit Information; 

relative position determining means for calculating whether the ground position detected by the ground position 
detecting means Is inside or outside an area represented by the area specifying information in the storage 

means; 

distance measuring means for measuring a distance moved within the area; and 
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charge processing means for updating the credit information based on a distance nneasured by the distance 
measuring means. 

38. The charge device according to claim 36 or 37, wherein the charge device further comprises notification means for 
5 notifying a user about information representing the area specifying infbmiation and the credit Information. 

39. The charge processing device according to claim 36 or 37, wherein the charge processing device further com- 
prises: notification control means for generating approach information that the charge processing device Is 
approaching the area represented by the area specifying information based on the ground position detected by the 

10 ground position detecting means and the area specifying information of the storage means; and notification means 
for notifying a user about information representing the approach information, the area specifying information, and 
the credit information. 

40. A charge processing system comprising: 

IS 

a charge device that is carried by a user or mounted on a moving body and is provided with 
means for detecting a ground position, 

communication means for receiving area specifying information, 
storage means for storing received area specifying information, and credit information, 
relative position detennining means for calculating whether the ground position detected by the ground 
position detecting means is inside or outside an area represented by the area specifying information in the 
storage means; 
interruption Instruction means, 

time measuring means for measuring the time elapsed inside the area during a period In which there is no 
interruption instruction from the interruption Instruction means, and 

charge processing means for updating the credit information based on a value of a time measured by the 
time measuring means; and 

30 a transmitting station that includes 

public notification information storage means for the storing area specifying information, and 
transmitting means for transmitting the area specifying information of the public notification information 
storage means. 

35 

41. The charge processing device or charge processing system according to daim 36 or claim 40, wherein the charge 
processing device is mounted on a moving body, and the interruption instruction means performs an interruption 
instruction interconnectedly with the off operation of an Ignition of the moving body. 

4o 42- A charge processing system comprising: 

a charge processing device that is carried by a user or mounted on a moving body and Is provided with 

means for detecting a ground position, 
4S communication means for receiving area specifying information, 

storage means for storing received area specifying infonnation, and credit information, 
relative position determining means for calculating whether the ground position detected by the ground 
position detecting means is Inside or outside an area represented by the area specifying Information in the 
storage means; 

so distance measuring means for measuring a distance moved inside the area, and 

charge processing means for updating the credit information based on a distance measured by the dis- 
tance measuring means; and 

a transmitting station that includes 

55 

public notification information storage means for storing the area specifying information, and 
transmitting means for the transmitting area specifying information of the public notification infomnation 
storage means. 
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43. A charge processing device comprising: 

storage means for storing credit infbmnation; 

read and write means for reading tiie credit information from the storage means and writing the credit infomna- 
5 tion to the storage means; 

entry detecting means for detecting an entry into a charge area; 

charge processing means for updating, in accordance with a charge toll, the credit infonmation in the storage 
means via the read and write means in response to traffic in the charge area; and 

communication means for transmitting charge device state information including whether or not reading and 
10 writing of credit information in the storage means is possible whiie in the charge area. 

44. A charge processing device comprising: 
means for detecting a ground position; 

storage means for storing credit information, charge area, and charge tolls; 

charge processing means for detecting whether the ground position detected by the ground position detecting 
means is within the charge area, and updating, in accordance with the charge toll, credit infonmation In the stor- 
age means in response to a traffic in the charge area; and 

communication means for transmitting charge device state information including whether or not ground posi- 
tion detection by the ground position detecting means is possible while in the charge area. 

45. A charge processing system comprising: 
a charge processing device that includes 

storage means for storing credit information, 

read and write means for reading the credit information from the storage means and writing the credit infor- 
mation to the storage means, 

entry detecting means for detecting an entry into a charge area, 

charge processing means for updating, in accordance with the charge toll, the credit information in the 
storage means via the read and write means in response to a traffic in the charge area, and 
first communication means for receiving a data request and transmitting charge device state information 
including whether or not reading and writing of credit information in the storage means is possible while in 
the charge area; and 

a control station that includes 

second communication means for transmitting the data request to the charge processing device and 
receiving the charge processing device state Information from the charge processing device, and 
4o serching means for checlcing for erroneous use of the charge processing device based on received data. 
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